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Foreword 
Despite many important advances, cancer remains the number-two killer in the world as 
specified by the World Health Organization*. Each new wave of anti-cancer drugs gives 
improvements over the last one, but the most desirable drug remains elusive. Ideally, an anti-
cancer drug would recognize and kill only cancerous cells, and leave healthy cells untouched. 
However, we are a long way away from that goal. All anti-cancer drugs today have various 
levels of toxicity, some having significantly more adverse effects than others. For example, 
Calicheamicin γ11 is a type of molecule produced by bacteria, which is capable of destroying 
living cells including cancerous ones. The underlying mechanism of action of this drug 
involves a chemical reaction that was considered revolutionary when it was first discovered in 
1972. Known as the Bergman cyclization, this organic reaction generates a chemical 
intermediate (an intermediate is a highly unstable species between a starting chemical and its 
product) called a para-aryne. 
 
The Mechanism of Biological Activity of Enediynes the Bergman Cyclization1b,c: 
 
para-aryneenediyne formation of a ring
2 H
benzene  
 
para-Arynes are very reactive because they contain electrons which are not paired. 
Electrons normally come in pairs, but when they don’t, a highly unstable and therefore reactive 
species, known as a free radical, is the result. Free radicals, when generated in a living 
                                                 
* http://www.who.int/whosis/whostat/en/ 
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organism, can cause damage and death to cells in various ways, including damage to DNA 
molecules. Unfortunately, Calicheamicin γ11 kills both normal and cancerous cells at nearly the 
same rate. Considered too toxic, it is used in treatment of acute leukemia when other therapies 
have failed.  
What is interesting about Calicheamicin γ11 however, is the low temperature of 25°C at 
which its Bergman cyclization occurs. Usually, the Bergman cyclization takes place at 
relatively high temperature of 200°C. Speaking hypothetically, if we were to design a drug to 
damage a cancerous cell’s DNA based on the 
prototypical Bergman cyclization, we would find 
that the high temperature needed to generate the 
para-aryne free radical would preclude its use in 
the human body. However, calicheamicin’s 
Bergman cyclization occurs spontaneously at 
physiological temperature due to a special 
arrangement of carbon atoms it contains, called an 
enediyne system.  
The arrangement inside the Calicheamicin γ11 molecule responsible for the cyclization 
is part of a cyclic structure of carbon atoms. This special arrangement of the atoms in the 
enediyne system puts all of the carbon atoms in the proper proximity relative to each other to 
cause the reaction to occur at a lower temperature. Over the last 20 years, studies have appeared 
in the chemical literature probing this cyclic variant of the Bergman cyclization. The studies 
have been both theoretical, involving use of supercomputers to model molecular behavior, and 
experimental, synthesizing variants of cyclic enediyne systems and looking at their Bergman 
QuickTime™ and a
 decompressor
are needed to see this picture.
 
Calicheamicin  11 bound to the 
Minor Groove of the DNA)2
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cyclization. When the mechanism of the anti-cancer action of Calicheamicin γ11 was 
discovered, these studies intensified as it was recognized that an improved anti-cancer drug 
could result. One landmark study was reported by Nicolaou and coworkers in 1992, however it 
left several questions unanswered. In particular, among many analogues that were synthesized 
in his laboratory, some molecules would cyclize at room temperature, while others would not. 
The eleven-carbon cyclic enediyne is of special interest, because it does not undergo 
cyclization while its closest analogue, the ten-carbon cyclic enediyne, does. From a mechanistic 
standpoint this molecular behavior remains unexplained. Full understanding of the mechanism 
of the reaction is crucial if we are ever to design a drug based on the eleven-carbon cyclic 
enediyne.  This thesis explains the reasons for such unexplained behavior and suggests the 
ways to control it. 
The idea behind this thesis work was to use the branching effect (also known as Thorpe-
Ingold or gem-dimethyl effect) as a possible method for causing low-temperature Bergman 
cyclization of the recalcitrant eleven-carbon cyclic enediyne system mentioned above. 
Computer modeling was used to evaluate the hypothesis that extra carbon and hydrogen atoms 
placed on the periphery of the eleven-carbon cyclic enediyne would lower the required 
temperature for cyclization. The molecules designed in this project have not been studied 
before, but their behavior can be predicted by the means of quantum chemistry. The results 
suggest that a precise orientation of atoms in the eleven-carbon ring is crucial for the reaction to 
proceed. The data also show that it might be possible to influence the atomic arrangements and 
create a structure of particular interest by using the branching effect. In this study I was able to 
show that the energy needed for rearrangement could be lowered by 7 kcal/mol, which may 
mean that the modified (branched) molecule would undergo the cyclization at room 
 4 
temperature. To evaluate the predictions from theoretical studies, synthesis of two novel 
compounds was proposed. In fulfillment of that proposal, I have completed a synthesis of two 
intermediate compounds. Details of the synthesis are outlined in this work, making a 
contribution to understanding better the ways in which the Bergman cyclization may be 
controlled. These very early and basic contributions could possibly lead to an improved anti-
cancer drug in the future. 
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Abstract 
The goal of the work presented here was to acquire fundamental knowledge about the 
eleven-carbon monocyclic enediyne. This synthetic molecule contains an enediyne fragment 
equivalent to the one obtained from bacterial sources. Enediynes are capable of damaging DNA 
sequences and are being applied to treat acute leukemia in some patients. The DNA damage is 
done as a consequence of the intramolecular cycloaromatization reaction called the Bergman 
cyclization. This pericyclic reaction yields a reactive para-aryne intermediate that abstracts 
hydrogens from the sugar backbone of the DNA, which results in DNA damage and cell death. 
The Bergman cyclization of various systems has been studied widely, however controversy 
remains about the factors that control the activation energy for the Bergman cyclization. 
Particularly, the eleven-carbon monocyclic enediyne does not undergo cyclization reaction and 
the reasons for that are unclear. Recently, several studies have been done, where the eleven-
carbon ring was modified with the hope that the modifications would shed light on its 
mechanism of rearrangement, but they were unsuccessful. In this work, I propose to investigate 
a gem-dimethyl effect on the activation energy for the Bergman cyclization, which has not been 
studied yet on this molecule, but has been employed to good advantage in a range of other 
chemical systems. Here I report results of my theoretical studies of the molecule and its 
methylated derivatives, which predict that introducing the gem-dimethyl effect on the eleven-
carbon monocyclic enediyne shortens the distance between the reaction sites and lowers the 
activation energy for cyclization. Particularly, in the case of the CS conformer, which cyclizes 
the least endothermically (∆H=2.30 kcal/mol, uB3LYP/6-31G*), the distance between the 
reaction sites was decreased by 0.29 Å and the energy of activation was decreased by 7 
 6 
kcal/mol (∆H‡=23.62 kcal/mol at same level of theory). Due to these changes, the methylated 
analogues may be expected to cyclize spontaneously at room temperature. I also report the 
outline for the syntheses of the methylated derivatives and the progress achieved in 
synthesizing two novel intermediates, 6-methyl-undeca-2,9-diyne-1,11-diol (18b) and 6-
methyl-1,11-dibromoundeca-2,9-diyne (19b) on the way to the final product. 
 
Key Words:  para-arynes, Bergman Cyclization, enediyne, eleven-carbon monocyclic 
enediyne, calculations, DFT, B3LYP, conformation, PES, bifurcation, gem-dimethyl effect, 
gem-dialkyl effect, Thorpe-Ingold effect, branching. 
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1. Introduction 
 
Among the many antitumor agents known today, enediyne anticancer antibiotics are a 
rapidly emerging class of chemical compounds isolated from bacterial sources. Compounds 
like Calicheamicin γ11 (Fig.1) demonstrate phenomenal biological activity and mechanism of 
action that results in DNA damage. Recently, natural calicheamicins have been approved for 
the treatment of acute myeloid leukemia by the FDA.1a Due to their high organ toxicity the 
field has attracted extensive biochemical research, and inspired design of a number of novel 
compounds that could mimic chemical and biological actions of natural calicheamicins. The 
fragment responsible for the potent biological activity of Calicheamicin γ11 and its analogues is 
called (Z)-3-ene-1,5-diyne or “enediyne”. The antitumor activity of this class of compounds is 
determined by the cyclization of the enediyne fragment – a reaction originally studied by 
Robert G. Bergman.1b,c  
 
 
 
 
 
Figure 1. Calicheamicin γ11 isolated from bacteria Micromonospora echinospora with the (Z)-
3-ene-1,5-diyne, or enediyne, unit shown in green.2 
 
The Bergman cyclization reaction of an enediyne unit in Calicheamicin γ11 belongs to a 
“family” of Cope-type reactions.3 In a Cope-type rearrangement, a molecule undergoes an 
intramolecular pericyclic reaction. In other words, when two ends of the molecule are put close 
together, they react with each other and form a ring molecule, distributing electrons equally 
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around the ring. The ring-product of such rearrangement is called para-aryne. The antitumor 
potency of para-arynes is derived from the removal of hydrogens from the sugar backbone of 
DNA, which leads to DNA breakdown and cell death. 
 
1.1 History of para-arynes and the Bergman cyclization. 
 The history of arynes, which are derived from aromatic rings by removing two hydrogen 
atoms, dates back to the beginning of the 20th century. In 1902, Stoermer and Kahlert4 reported 
the first evidence of existence of these peculiar molecules.  During 
experiments, they observed the formation of 2-ethoxybenzofuran on 
treatment of 3-bromobenzofuran with bases in ethanol and 
postulated the formation of ortho-didehydrobenzofuran as a reactive 
intermediate (see structure to the right).4  
Since then, many reviews3,5-10 have been published about the arynes, and it was established 
that there exist three parent aryne systems C6H4 with the unpaired electrons in the ortho, meta 
or para orientations on a six-carbon aromatic ring. 
 
 
 
 
 
The aryne systems above, although similar in structure, are quite different in their 
chemistry.  Further discussion will concentrate on the review of para-aryne 3 and the Bergman 
Cyclization reaction, since these are most pertinent to the current research project.  
 
1
ortho-aryne
3
para-aryne
2
meta-aryne
O
2,3-didehydrobenzofuran
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In 1971, Masamune et al. presented the first experimental evidence for the existence of 
a para-aryne.11 However, this molecule did not come into the light of mechanistic organic 
chemistry until Bergman and Jones performed their classic experiment in 1972.1b,c In the 
Bergman cyclization, the enediyne (4, Fig.2) (hereafter parent enediyne) undergoes a 
rearrangement that leads to a closure of the ring and formation of a para-benzyne diradical (3, 
Fig.2).1b,c The para-benzyne diradical is a highly reactive species, which as was stated above, 
has two unpaired electrons in its two degenerate molecular orbitals. Due to their high reactivity, 
they are impossible to isolate and study directly.  However, numerous trapping experiments 
supported the hypothesis of the formation of para-benzyne.  For example in CCl4, the Bergman 
reaction yielded 1,4-dichlorobenzene.1b,c,12,13 
One of the features of the para-benzyne diradical is its ability to react with hydrogen 
atoms. For example, when it reacts with a DNA molecule it abstracts two hydrogen atoms and 
causes fatal damage to the genetic material. One of the significant stimuli for the continuing 
studies of para-benzynes came from the discovery of natural enediyne molecules (cytostatics) 
such as calicheamicins, esperamicins, and dynemicins that are capable of destroying the DNA 
sequence in living organisms.14 Interestingly, all of the natural enediynes share a common 
pharmacophore embedded in a complex system, a (Z)-hex-3-ene-1,5-diyne moiety, which 
appears to be the same molecule 4 that undergoes the Bergman cyclization reaction. The 
present work does not aim to discuss the mechanism of biological activity of these molecules, 
which has been elucidated in detail,14 but rather aims to focus on the cycloaromatization 
reaction of the simplest synthetic enediyne 4 and its analogues. 
The Bergman cyclization of the parent enediyne occurs at the very high temperature of 
200°C (t1/2=30s), which is equivalent to 28 kcal/mol of energy of activation.1b,c Such a high-
 10 
energy requirement is caused by the large distance of 4.5 Å between the first (C1) and the sixth 
(C6) carbon of the parent enediyne,15 which limits the use of this compound in biomedical 
applications.  
1
2
3
4
5
6
4
5
3
6
2 RH
0 kcal/mol
28 kcal/mol
9 kcal/mol
 
Figure 2. Bergman cyclization of the parent enediyne 4 results in a formation of a para-
benzyne diradical 3.  Addition of two hydrogen atoms to 3 leads to formation of the benzene 
ring 6. 
 
Many studies have been done in order to design systems with an 
enediyne fragment that will undergo cyclization at room 
temperature, similar to the naturally occurring enediynes. Since in 
most of the naturally occurring systems the enediyne unit is 
embedded in a larger (nine- or ten-carbon) ring, much consideration 
has been paid to the effect of the distance d between carbons C1 and C6 (dC1-C6) on the 
cyclization energy.  It has been noted by Nicolaou et al. that shortening the dC1-C6 between 
acetylenic termini is one of the important factors that can lower the energy of activation of the 
enediyne.14h,16 The distance can be reduced through strain16a-20 and electronic effects.21,22 Strain 
can be introduced through incorporating the enediyne fragment into a cyclic molecule, which 
7
12
3
4
5
6 7
8
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naturally forces carbons C1 and C6 closer together and shortens the dC1-C6 (see molecule 
7).16a,17  
 
1.2 Eleven-member ring (the core of the problem: it does not cyclize) 
There has been a considerable interest 
in the Bergman cyclization of the enediynes 
incorporated into the 11-membered ring since 
it was established that simple eleven-carbon 
monocyclic enediyne 7 does not undergo 
ring-closing reaction at room temperature, while its 10-carbon analogue 8 does.16,23 Nicolaou et 
al.  has attributed this phenomena to a larger dC1-C6 of 3.661Å determined from the available 
crystal structure of 7.2,16 This distance falls outside the range of 3.31 - 3.20 Å (the so-called 
Nicolaou threshold), for which an enediyne cyclizes spontaneously at room temperature.2,14h,16 
Conversely, Schreiner24 pointed out that the calculated distance dC1-C6 in 10-carbon monocyclic 
enediyne 8 is 3.413 Å14h and in 11-carbon monocyclic enediynes is 3.588 Å. The calculated 
distance of 3.588 Å deviates from the dC1-C6 in the crystal structure reported above, because it 
corresponds to a different conformer mislabeled by Schreiner in his study.24 Still, both reported 
distances fall out of the Nicolaou threshold, and the discrepancy of only 0.175 Å cannot 
completely explain the differences in reactivity between the compounds.24 
Several attempts were made to design systems containing the eleven-carbon enediyne 
that will cyclize at room temperature. Semmelhack23 designed a system where the eleven-
carbon enediyne was fused with a benzene ring 9, but their compound did not cyclize, and 
decomposed at higher temperatures. In 2002, Wandel and Wiest published an article that 
7 8
12
3
4
5
6 7
8
9
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11 12
3
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6 7
8
9
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discusses reactivity of highly strained 11-membered-ring enediynes.25 An interesting 
observation made by these authors was that their enediyne systems 10 remained stable under 
thermal, photochemical and electron-transfer conditions despite the fact that the distance dC1-C6 
was in one case reduced to 3.44 Å.25 
 
 
 
 
From the perspective of theoretical chemistry, the origin of this unusual behavior was 
due to the high energy of the para-benzyne diradicals formed via the Bergman cyclization.25 
This supports the line of reasoning offered by Snyder19 and Magnus20 that the cyclization of 
cyclic enediynes is controlled by the energy differences between the enediyne and diradical. 
The unsolved problem of how to explain and control the reactivity of 7 has piqued my interest 
in studying the gem-dimethyl26,27 effect on the barrier of the Bergman cyclization in 
compounds such as 11 and 12. 
 
 
 
 
1.3 The gem-dimethyl effect and its applications to control of the cyclization kinetics. 
The gem-dimethyl effect is a synthetic approach used successfully to stabilize cyclic 
compounds. The gem-dimethyl effect is achieved by substitution of two methyl groups on an 
9 10
11 12
 13 
unsubstituted carbon, which promotes the cyclization reaction and makes the reverse, ring-
opening reaction unfavorable.  
The observation that the size of a substituent is crucial in generating angle strain and 
can influence the rate of the reaction was first made by Thorpe, Ingold and Beesley in 1915.26-28 
From a geometrical standpoint, Thorpe et al. were able to demonstrate that when a carbon, 
adjacent to the reactive carbon, is geminally substituted with two methyl groups, as in an 
example shown below (13 Fig.3), the parts of the molecule (R and R’) on both sides are forced 
closer together.26,27 Geminal substitution refers to a substitution by identical groups attached to 
the same atom in a molecule. These parts move closer as the angle α between them becomes 
more compressed due to a bulky size of the attached substituents. Thorpe et al. suggested that 
the angle compression is due to the volume requirements of the gem-dialkyl groups relative to 
the volume demands of hydrogen.26,27 In other words, the volume, or size of the substituent 
group is higher compared to hydrogen and thus will require more space, making angles bend 
inwards, like in example 13.  
C
R R'
CH3H3C
 
α
 
13 
A few decades later, Bruce and Pandit29 proposed a reactive rotamer hypothesis, in 
which they explain the gem-dimethyl effect from a standpoint of the increased number of 
gauche conformations that form upon substitution. According to their hypothesis, the Thorpe-
Ingold effect plays only a minor role in stabilization compared to the increased prevalence of 
gauche conformations. As was later defined by Jung et al., “in the gauche conformation, the 
 14 
reactive groups are in much closer proximity, and this favors the cyclization reaction”.30,31,28 
Another hypothesis explaining the stability of the substituted alkanes compared to 
unsubstituted ones was set forth by Wodrich et al. who proposed a protobranching theory.32 
The protobranching theory is based on a well-known branching effect,32-34 which states that 
branched alkanes are more stable than n-alkanes. The protobranching however, accounts for the 
perturbing effects, which were not known in the 1930s when the initial kinetic and 
thermochemical studies were performed.33  
In my proposed study I aimed to perform a theoretical investigation of the possible gem-
dimethyl effect on the rate of Bergman cyclization of the enediyne unit incorporated into an 
eleven-membered ring (12, Fig.4); and based on the analysis of the theoretical computations 
propose an organic synthesis in order to experimentally reproduce the most energetically 
favored result. Both parts of the proposed study aim not only to lower the barrier of cyclization 
of the monocyclic enediynes, but to bring more clarity and gain a better understanding of the 
reasons the eleven-membered ring failed to cyclize at room temperature in the past studies.  
CH3
CH3
12
 
α
12
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Figure 4. Enediyne unit incorporated into an eleven-membered ring with a proposed site of the 
Thorpe-Ingold effect introduced by two methyl groups 
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1.4 What is a conformation and why is it important? 
The presence of the five-carbon chain (C7-C8-C9-C10-C11) of sp3-hybridized atoms allows 
7 to attain a variety of conformations. It is important at this point to discuss the types of 
conformations and why they occur. Alkane molecules can attain different conformations due to 
a rotation of groups with respect to one another about the single σ bond connecting them. 
Alkanes that exist as rings are called alicyclic.35 In compound 7, the alicyclic chain consists of 
five carbons linked together by an enediyne fragment. Depending on the conformation the 
chain attains, reactivity or stability of the molecule can change and it is important to take all 
possible orientations into account when studying mechanisms of the Bergman cyclization of 7. 
For this alicyclic chain, there are four possible stable arrangements, or conformations, of the 
molecule, which are discussed in detail in the Results section. 
 
1.5 Types of molecular symmetry 
Molecular symmetry refers to geometrical arrangements of atoms in molecules, which place 
atoms in equivalent chemical environments. Generally, chemical equivalence parallels the 
existence of some type of geometrical symmetry. There are several symmetry operations that 
can distinguish two molecules, which include a rotation by some angle about some axis, and 
the operation of reflection. The operation of rotation implies that a molecule has an axis around 
which a rotation by a 360°/n angle results in a molecule identical to the original. This type of 
symmetry is designated Cn, where n is the inverse of a fraction of a full circle to which the 
rotation corresponds. In the current study, one conformer of 7 has a rotational symmetry by 
180° and is designated C2. The other conformer has symmetry only when it is rotated 360°, and 
thus is designated C1. Another operation of symmetry – the operation of reflection – requires a 
 16 
molecule to have a plane of symmetry that cuts through the center of a molecule in such a way 
that one half of the molecule becomes a mirror image of its half. A molecule that has a plane of 
symmetry in any of its possible conformations must be identical to its mirror image.35 Such a 
type of symmetry is usually designated CS. For the eleven-carbon enediyne 7 there are two 
known conformers that have Cs-type symmetry. They are designated CS1 and CS2.  
 
2. Common computational methods review 
2.1 The role of computational chemistry in chemical analysis 
Computational chemistry is a branch of chemistry that uses fundamentals of computer 
science to help with answering chemical questions. The main premise for computational 
chemistry is the results of quantum chemistry, which are incorporated into computer programs 
in order to compute the structure and properties of molecules. The benefits arise from the fact 
that computational chemistry can complement the experimental results and predict as yet 
unobserved phenomena. For example, diradicals are very unstable species with short half-life 
and are very challenging to study experimentally. In such cases, computational chemistry can 
provide an insight into behavior of diradicals in various conditions, and help to determine 
geometrical and electronic structure of the transition state. Since it is possible to model 
compounds on the computer and determine their reaction paths by tracing the energetics of 
each step, it can also be used for guiding synthesis. This approach is also called “tuning”. 
Additionally, computational chemistry is a good predictive tool: it can predict charge 
distribution, reactivity, vibrational frequencies, dipoles, orbital population of the molecule 
etc.36 
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2.2 Computational Methods 
 The methods used in computational chemistry can be employed for both static and 
dynamic situations.36 All geometries of the structures that I studied were optimized with the 
Gaussian 09 program package37 and visualized with the GaussView software application.38 
Optimization means that the program moves the positions of the atoms in the molecule to find 
the lowest energy structure with the best bond distances, angles, and intramolecular 
interactions. For this search to be successful, it is important to start with a “good” initial 
structure. It is important to understand that Gaussian cannot do conformational searching, 
which means that for molecules that may possess different conformers, the structures of all 
different conformers as starting points must be provided and optimized separately. After this is 
done, the final energies can be compared in order to pick the lowest energy conformer.  
The main method I used for optimizations was unrestricted B3LYP39c,40 functional and 6-
31G*41 basis set at the default temperature of 298.15 K. To test the accuracy of the chosen 
method, I optimized the geometries of the parent enediyne first. The uB3LYP/6-31G* method 
was used because it has been shown to provide reasonable accuracy for the Bergman 
cyclization.42,43 This trend was also confirmed by my results: my theoretical result using 
uB3LYP/6-31G* of 29.5 kcal/mol is close to the experimental value of 28 kcal/mol. This result 
was also verified by the uBLYP method at the same level of theory, which underestimated the 
experimental results (Figure 5).  
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Figure 5. Potential energy surface of the Bergman cyclization of parent enediyne 4 showing 
experimental enthalpies and corresponding theoretical values computed at uB3LYP/6-31G* 
and uBLYP/6-31G* levels of theory. 
 
 It was reported that the unrestricted B3LYP potential energy surface (PES) can overlap 
with the restricted B3LYP PES in the transition state region or in the neighborhood of a 
diradical product.44 To address this possibility, I verified the stability of all wave functions 
corresponding to optimized structures. The stability was calculated by using the “stable” 
command. In all cases the wave function appeared to have no internal instabilities so no 
additional calculations were required.  
To confirm that all structures are optimized to their defined minima or first-order saddle 
points on their potential energy surfaces, I characterized every stationary point by harmonic 
frequency analysis. The frequency option is used for calculating IR or Raman 
stretching/bending frequencies once a structure has been optimized.36 All first-order saddle 
points had one imaginary frequency and the local minima had zero negative frequencies. All 
 19 
reported energies and enthalpies include unscaled zero-point energy corrections that were 
calculated with the same method and basis set. 
In all investigated rearrangements I determined the unrestricted singlet state potential 
energy surface by predicting the key transition state corresponding to the Bergman cyclization 
with unrestricted broken-spin B3LYP/6-31G* first.  The reaction pathways were mapped via 
internal reaction coordinate (IRC) calculations.45 The lowest energy geometries from IRC 
calculations were then taken for further optimizations with guess=(mix,always) command 
incorporated in the route section.46  
 
2.3 Challenge in computing diradical species 
 Dynamic and static electronic correlations of singlet diradical species make the 
Bergman cyclization challenging to study computationally.44 Diradicals require special 
treatment by computationally demanding multiconfigurational or multireference methods that 
limit the studies to relatively small systems.  As an alternative, Density Functional Theory 
(DFT) methods are used.  Unrestricted DFT methods have a reputation of providing very good 
description of diradicals due to their capability to address partially static electronic 
correlations.44 
 
2.4 Density Functional Theory (DFT) 
DFT is a general-purpose computational method, and can be applied to most systems. This 
method became standard in virtually all of the most popular software packages, including 
Gaussian. Important for my choice of the theoretical approach were Cramer’s studies 
emphasizing that the DFT calculations provide very good geometries of stationary points 
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participating in the Bergman cyclization.47 DFT method derives properties of the molecule 
based on determination of the electron density. Unlike the wavefunction, which is not a 
physical reality but a mathematical construct, electron density is a physical characteristic of all 
molecules. There are roughly three types, or categories, of DFT methods: local density 
approximation (LDA), gradient-corrected (GC) and hybrid methods. Hybrid methods, as the 
name suggests, try to incorporate some of the more useful features.36 Hybrid methods, such as 
B3LYP, tend to be the most commonly used methods for computational chemistry. While DFT 
methods provide significant accuracy, their disadvantage is in the challenge of determining the 
most appropriate method for a particular application. 
2.5 The choice of right method: BLYP and B3LYP overview 
 Despite an ongoing controversy regarding the proper theoretical treatment of the 
Bergman cyclization, both BLYP and B3LYP methods provide a good combination of 
accuracy and reduced computational time. Schreiner demonstrated that BLYP method could be 
utilized to reproduce adequately the activation enthalpies of the Bergman cyclization for 
substituted and medium-ring enediynes.24 Jones and Warner,48 and Prall et al.49 applied BLYP 
level of theory to the systematic studies of substituent effects on the cyclization of the parent 
enediyne. Both research groups acknowledge that the ability of BLYP to describe the Bergman 
cyclization may be due to fortuitous error cancellations at this level.42   
On the other side Kraka and Cremer proposed to use B3LYP hybrid functional instead 
of BLYP.42 The B3LYP users argue that BLYP underestimates the barriers of the reactions, but 
the method was recommended because it performs well in calculations of carbenes.  
Additionally, the results obtained with the B3LYP method are more consistent than the BLYP 
results and the quality of the B3LYP outcomes improves with increasing size of the basis set.42  
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 Schreiner also reported the theoretical data for the eleven-carbon monocyclic enediyne 
at the B3LYP level24. Taking into consideration that the data available on eleven-carbon 
enediynes is sparse, I decided to utilize B3LYP method and 6-31G* basis set with the intention 
to compare my results with the trends observed by Schreiner and co-workers. All my results 
were verified by BLYP method and I noted that it reproduced and confirmed the observed 
B3LYP trends. 
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3. Results and Discussion 
 
3.1 Computational 
i. Conformational analysis of cycloundeca-3-ene-1,5-diyne (7) 
Table 1 illustrates the conformational analysis of 7 carried out with the B3LYP40,50 
functional and 6-31G* basis set51 by means of Gaussian 09.37 I was able to identify four 
conformers, compared in Table 1.  Yavari et al. have recognized a similar set of conformers for 
molecule 7.52 After assessing structures reported in the literature,16,24,52-54 I performed a detailed 
analysis of geometrical parameters for structures 7C1, 7CS1, 7C2 and 7CS2 and compared my 
computed results with the documented sources.55  
Several works have been published involving structures 7C2 and 7CS2.  In 1998, 
Schreiner referred incorrectly to the available crystal structure of 7 (X-ray C1, Table 1) as to 
the “C2-symmertic X-ray structure”.24 He reported the geometrical parameters and an 
activation enthalpy of 31.9 kcal/mol for the cyclization of 7C2 at BLYP/6-31G(d) level of 
theory.  At the same time, Chen et al. identified the structural parameters for 7C1 and 7CS2, 
where 7CS2 was found to be 0.58 kcal/mol less stable than 7C1.53 In 2002, Plourde II et al.54 
described structures 7C2 and 7CS2.  They observed unusual conformational effects 
accompanying the cyclization of 7CS2, where the CS-type transition structure had a 
conformation with C9 flipped down, which is divergent from the CS-type enediyne 
conformation.  However, there is no evidence of studies on the cyclization of 7C1 in their work. 
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Table 1. Conformational analysis of structures 7C1, 7CS1, 7C2 and 7CS2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As Table 1 reveals, the conformers differ in their geometrical parameters such as 
symmetry, dihedral angle θ measured between carbons C8-C9-C10-C11 (θC8C9C10C11), and 
relative energies. The C1-symmetric 7C1 is the most stable among the identified conformers. It 
also corresponds to the experimentally obtained crystal structure of 7,16 and therefore 7C1 is 
clearly the best choice for computational studies of the cyclization of the 11-carbon enediyne 
3 4 
Top view: 
Side view: 
Front view: 
X-ray (7C1)a 7CS1 7C2 7CS2 
dC1-C6  [Å] 3.78 3.34 3.54 3.97 
∆H [kcal/mol] 0.00 5.17 3.53 0.65 
θbC8C9C10C11
 -60.8 -75.6 -68.1 -142.4 
a hydrogens were removed for clarity, b dihedral angle in deg 
3 4 
7 
d 1 
2 5 
6 
8 
9 10 
11 
3 4 
d 1 
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7 
8 
9 
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via the Bergman rearrangement. Surprisingly, a computed value corresponding to the activation 
barrier for 7C1 is unknown. Neither was this type of study performed for the least stable 
conformer 7CS1. Unfortunately, experimental and theoretical studies accomplished for 7C2 and 
7CS2 do not contribute towards understanding of the reactivity of 7C1. The lack of information 
in the literature sources regarding the activation barrier for 7C1 prompted me to search for the 
transition structure corresponding to its Bergman cyclization. 
 
ii. Reaction mechanism for the cyclization of cycloundeca-3-ene-1,5-diyn 
The purpose of the study described in this section was to determine a precise 
topography of the potential energy surface (PES) of 7 and its unimolecular reaction pathway 
using computational methods.  
The transition state search for the cyclization of 7C1 was carried out by gradually 
decreasing the dC1-C6 distance in 7C1, followed by the reoptimization of each stationary point 
with constrained dC1-C6. While doing the optimization with constraints, I found that a decrease 
of the C1-C6 separation in 7C1 is accompanied by conformational changes in the five-carbon 
linker. This was monitored by a measurement of the changes in the dihedral angle θC8C9C10C11 
in response to the change in distance dC1-C6 (Figure 6).  When the distance dC1-C6 in 7C1 
decreases from 3.77 Å to 2.58 Å, the angle θC8C9C10C11 changes from 60.8o to 49.8o. Notably, 
the flip of C8 occurs at dC1-C6 = 2.58 Å with the dihedral angle θ=49.8o. Beyond this point, the 
conformation of the side chain is reminiscent of that in 7CS1. The calculations also revealed 
that the rearrangement of 7C1 and 7CS1 involves the same transition structure TS-CS1 shown in 
the top right section of Figure 6. 
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Figure 6. Conformational changes of the side chain in C1 and CS1 accompanying the decrease 
of dC1-C6. Points shown in red were obtained from the IRC calculations, which provide the 
minimum energy path. Points shown in blue were obtained through optimization with imposed 
constraints. Constraints were used to model the possible scenario of the rearrangement of C1, 
and the corresponding data is only an approximation of the real-life reaction path.   
 
The IRC calculations45a,56 have shown that TS-CS1 connects CS1 and its corresponding 
diradical product P-CS1 (Figure 7). Interestingly, the rearrangement of 7C1 involves a 
formation of TS-C1 transition state first, which corresponds to the conformational change in 
the sp3-hybridized chain. This is followed by a CS1-symmetric intermediate that undergoes the 
cyclization through TS-CS1. This reaction path was confirmed by the BLYP method (the 
results are presented in the SI section). The activation enthalpy for 7C1 is 148.8 kcal/mol, and it 
is 26.53 kcal/mol for 7CS1. The reaction is endothermic by 13.54 kcal/mol for 7C1, and 8.37 
kcal/mol for 7CS1 (Figure 7). Such a tremendously high-energy requirement is in agreement 
with the experimental evidence reported for 7 and its synthetic analogues where the molecule 
decomposed or failed to undergo the reaction. 
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Figure 7.  PES corresponding to the rearrangement of 7C1 and 7CS1 calculated at uB3LYP/6-
31G*.  For clarity, hydrogen atoms were removed from all structures. The PES is not drawn to 
scale. 
 
The potential energy surface shown in Figure 7 is quite unusual, since one transition 
state connects two reactants, one of which has to symmetrize before it undergoes cyclization. 
The presence of a second transition state structure makes this PES different from the 
conventional potential energy surfaces and suggests a possibility for a bifurcating potential 
energy surface22c. 
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iii. Bifurcation of the potential energy surface 
As was demonstrated in Figure 7, the Bergman cyclization of the asymmetric 7C1 
passes through the Cs-symmetric transition state TS-CS1, and this transformation is 
accompanied by the conformational change of the –(CH2)5- linker. In addition, TS-CS1 
corresponds to the cyclization of  7CS1.  
In classical transition state theory, a transition state (TS) is a maximum that connects 
one reactant with one product.  When two reaction paths share single TS, there exists a 
possibility for a bifurcation of the potential energy surface.  Bifurcation takes place when 
succeeding transition states are directly connected without an energy minimum between them.57 
This type of PES corresponds to a two-step-no-intermediate mechanism.  Although it has been 
observed that an adequate description of the bifurcating energy surface requires theoretical 
methodology that includes dynamic configuration interaction,58 such a PES can be determined 
by the means of IRC calculations. The IRC calculations demonstrate that one transition 
structure is directly connected to a second transition state structure, which in turn is directly 
connected to the both minima.  In addition, Tantillo et al. uncovered that in some cases where 
bifurcations are expected, “reaction coordinates generated in this way lead directly to one 
minimum, but flat plateau regions are often encountered along such a pathway”.59, 60  
 My studies began with a search of TS that follows the TS-7CS1 and connects 7C1 and 
7CS1. This has been done through IRC calculations for TS-7CS1, which allowed identification 
of plateau regions, analyzed the stationary points along the IRC path, and located a second 
transition state based on the displacement vectors obtained from frequency calculations.  
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iv. Conformational analysis and energetics of 9-methyl-cycloundeca-1,5-
diyn-3-ene (14) and 9,9-dimethyl-cycloundeca-1,5-diyn-3-ene (15).  
Based on the knowledge derived from the analysis of 7, I performed a conformational 
analysis of 14 and 15.  This has been done by substitution with either one or two methyl groups 
at carbon 9. In case of substitution with one methyl group, there were seven structures: four 
with CS symmetry, two with C1 symmetry and one structure with C2 symmetry. Depending on 
the spatial orientation of the methyl group, I designated pseudo-axial and pseudo-equatorial 
positions as shown in Figure 8 below.  
 
 
 
 
 
 
Figure 8. Pseudo-axial and pseudo-equatorial orientations of the methyl group considered for 
mono-substituted cases 
 
In the pseudo-axial orientation, the methyl group is roughly perpendicular to the planar 
conjugated portion of the molecule, while in the pseudo-equatorial it is roughly parallel to the 
planar conjugated moiety. Thus, the four with Cs symmetry are differentiated by the 
designations CS1ax, CS1eq, CS2ax, CS2eq. Additionally, there were a total of four structures with 
two methyl groups placed at carbon 9. All modeled structures have been reoptimized at 
uB3LYP/6-31G* level of theory. The results are summarized in Table 2. All results were 
verified by the uBLYP method at the same basis set (please see SI section). 
 - Methyl group
pseudo-equatorialpseudo-axial
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Table 2. Summary of enthalpies, C1-C6 distances and θC8C9C10C11 angles for pseudo-axial and 
pseudo-equatorial mono-methylated compounds. 
 
 
Name dC1-C6 [Å] 
∆H 
[kcal/mol] θC8C9C10C11 
 
14C1ax 3.73 0 58.86 
 
14C1eq 3.72 8.03 47.62 
 
14CS1ax 3.31 5.72 73.97 
 
14CS1eq 3.27 12.00 63.08 
 
14CS2ax 3.96 0.45 141.14 
 
14CS2eq 3.67 7.56 116.82 
 
14C2 3.53 4.46 68.16 
 From the table above it can be seen that 14C1 in pseudo-axial orientation is the most 
stable conformer, with 14CS2ax being only 0.45 kcal/mol higher in enthalpy. Compared to other 
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conformers, which are significantly higher in enthalpy (and thus less stable), the above data 
suggests more stable conformers 14CS2ax and 14C1ax may be expected to be prevalent in a 
solution. Other conformers higher in enthalpy will only be present in small amounts. For 
example, 14CS1eq is 12.00 kcal/mol higher than the 14C1ax and due to that can be neglected. 
Table 3. Summary of enthalpies, C1-C6 distances and θC8C9C10C11 angles for gem-dimethylated 
compounds. 
 
 
Name dC1-C6 [Å] 
∆H 
[kcal/mol] θC8C9C10C11 
 
15C2 3.51 0 67.94 
 
15C1 3.71 3.06 44.54 
 
15CS2 3.68 3.52 117.25 
 
15CS1 3.23 7.55 59.58 
Once I identified the most stable conformers for 14 and 15, I carried out a transition 
state search by gradually decreasing dC1-C6. By analogy with analysis of 7, the dihedral angle 
θC8C9C10C11 has been monitored for possible conformational changes in the side chain. The PES 
corresponding to the Bergman cyclization has been verified by running the IRC calculations to 
confirm that the TS connects homologous conformers of the reactant and product.  This 
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procedure has been repeated for all identified isomers of 14 and 15 and their relative enthalpies 
have been compared in order to locate the most favorable reaction. 
Among the mono-substituted conformers, the most stable is the one derived from CS2. 
Structure 14CS2ax undergoes the cyclization with an activation barrier of 25.3 kcal/mol and its 
product is the most stable among the studied reactions being only 4.02 kcal/mol endothermic. 
The CS2-symmetric conformation is also the most stable structure in the case of dimethyl 
substitution at C9. The activation enthalpy for 15CS2 is 23.62 kcal/mol. While it is 0.3 kcal/mol 
higher than the barrier for 15CS1, the CS2-symmetric product is more stable than the product in 
15CS1 by 4.07 kcal/mol. Thus the CS2 symmetry will be more favored in the product as 
suggested by the difference in the stability of the two products (Table 4). 
Results summarized in Table 4 reveal certain trends that accompany all structures when 
substituted with one or two methyl groups. Upon substitution, the dC1-C6 decreases in all cases, 
and the enthalpies of activation are lowered in all rearrangements considered. This tendency is 
even more evident in cases where two methyl groups are placed at carbon 9. For example, the 
C1-symmetric X-ray structure of 7 has an activation barrier of 31.70 kcal/mol and the 
calculated dC1-C6 is 3.77 Å. When one methyl group was introduced at carbon 9, the activation 
barrier decreased to 31.20 kcal/mol in the case of pseudo-axial orientation, and to 28.10 
kcal/mol in the pseudo-equatorial case. When the second methyl group was added, the 
activation barrier became 27.85 kcal/mol, which shows a total decrease in activation enthalpy 
by 3.85 kcal/mol total. Similarly, the dC1-C6  was decreased from 3.77 Å to 3.73 and 3.72 Å  in 
C1-axial and C1-equatorial structures respectively, and to 3.71 Å in the dimethyl-substituted 
case.  
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Another important trend observed was that the gem-dialkyl effect decreases the 
endothermicity of the reaction, making the products more stable. This makes the forward 
reaction more favorable, promoting the Bergman cyclization. Table 4 shows that other 
conformers considered in this study follow similar trends where their dC1-C6, activation barriers 
and reaction enthalpies are decreased upon methyl substitution. 
Table 4. Summary of activation enthalpies, enthalpies of formation and dC1-C6 for compounds 
7, 14 and 15 and their isomers calculated using uB3LYP and uBLYP functionals and 6-31G* 
basis set. 
 
 uB3LYP/6-31G* uBLYP/6-31G* 
∆H‡ 
kcal/mol 
∆H 
kcal/mol 
dC1-C6   
Å 
∆ES-T 
kcal/mol 
∆H‡ 
kcal/mol 
∆H 
kcal/mol 
dC1-C6   
Å 
∆ES-T 
kcal/mol 
7C1 31.70 13.54a 3.78calc 3.66exp 
-3.34a 27.7 17.30a 3.80calc 3.66exp 
-11.13a 
7CS1 26.53 8.37 3.34 -3.34 21.39 12.09 3.38 -11.13 
7C2 31.93 10.01 3.54 -2.29 26.72 14.30 3.58 9.65 
7CS2 30.62 9.23 3.97 -2.66 25.19 13.07 4.02 -14.30 
14C1eq 28.10 9.47a 3.72 -10.20a 22.63 12.90 a 3.76 -11.06a 
14C1ax 31.20 12.97a 3.73 -10.27a 25.68 16.29 a 3.77 -11.16a 
14CS1eq 24.14 5.5 3.27 -10.20 19.08 9.35 3.29 -11.06 
14CS1ax 25.48 7.25 3.31 -10.27 20.37 10.98 3.34 -11.16 
14C2 30.81 8.80 3.53 -1.75 25.56 13.07 3.56 -9.68 
14CS2eq 25.30 4.02 3.67 -9.78 20.27 8.20 3.68 -10.41 
14 CS2ax 30.21 8.81 3.96 -9.78 24.81 12.64 4.00 -10.49 
15C1 27.85 10.85 a 3.71 -13.04a 22.36 14.20 a 3.75 -4.86a 
15CS1 23.37 6.37 3.23 -13.04 18.34 10.16 3.25 -4.86 
15C2 30.20 7.95 3.51 -2.39 24.35 11.62 3.55 -1.68 
15CS2 23.62 2.30 3.68 -7.55 18.70 6.55 3.70 -10.87 
 
a accompanied by the conformational change favoring CS symmetry of CS1 conformer 
 An important aspect to consider during the study of diradical species is a prediction of 
their reactivity and affinity to biological action. The reactivity of diradicals can be estimated 
from their singlet-triplet (S-T) splitting, where the triplet state is considered to be an 
appropriate reference for determining the singlet stabilization energy, since the through-bond 
coupling of a single electron is not possible in the triplet diradical. 22c,24,42,47  The lower 
reactivity of singlet diradicals is the basis for their higher selectivity, while the S-T value 
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determines the actual reactivity. Diradicals with higher biological activity possess a smaller S-T 
splitting, while those with lower biological activity have a larger S-T splitting. Thereby, the 
biradical character decreases along with stabilization of the S state and an increase of the S-T 
splitting. Generally, large and positive value for the S-T gap accounts for poor hydrogen 
abstraction ability.  
As can be seen from the Table 4, the ∆ES-T for all diradicals is a negative value, which 
means that the singlet state is more stable than the triplet. This implies, that the studied 
diradicals may possess a decreased biradical character. However, the selectivity is determined 
by the actual value of the singlet-triplet separation. For example, mono and dimethylated C2-
symmetric molecules 14C2 and 15C2 have ∆ES-T of -1.75 and -2.39 kcal/mol respectively. The 
small numbers indicate these molecules would be more selective towards hydrogen abstraction 
than diradicals in CS-symmetric orientation. Case in point, diradicals 14CS1 (both pseudo-axial 
and pseudo-equatorial) have ∆ES-T of -10.2 kcal/mol, and 15CS1 has a singlet-triplet gap of           
-13.04 kcal/mol. The high S-T splitting determined for this diradicals indicates a probability for 
poor hydrogen abstraction abilities. This trend is observed for unsubstituted cases as well, as in 
the case of compound 7, and it may be concluded that diradicals in CS-symmetric orientation 
are predicted to be generally less selective than diradicals with C2-symmetry, with the products 
of the type CS2 being slightly more selective than those of CS1 type.  
In conclusion, the computational results provided understanding of the reasons why the 
eleven-carbon monocyclic enediyne failed to undergo Bergman cyclization in the past. 
Quantum mechanical modeling of the novel substituted structures showed that the increased 
branching in the main structure provided: (a) additional stability to the cyclized product; (b) 
decreased the distance between the first and the sixth carbons in the monocyclic enediyne, and 
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(c) lowered the barrier for the cyclization through the stabilization of the transition state and 
increased angle strain in the reactants. Snyder in his study of strain control noted that steric 
strain is concomitant with the contracted C1-C6 distance provided by methyl substitution19c. 
The current computational study confirms his observations and provides an insight into the 
conformational changes that the eleven-carbon enediyne has to undergo prior to cyclization. I 
was able to determine that the barrier for this transformation was 148.8 kcal/mol. This 
knowledge was important in further studies aimed to control the Bergman cyclization of 7. 
Knowing that the conformation of the alkyl chain in 7 is crucial for its rearrangement, a gem-
dimethyl effect was proposed, which apart from the above-mentioned benefits, allowed 
introduction of modifications to the molecular structure of 7 that favor CS symmetry. The 
results show that in both mono- and dimethyl-substituted cases, the CS2 symmetric Bergman 
cyclization produced the most stable products among the studied structures: 4.02 kcal/mol for 
14CS2eq and only 2.30 kcal/mol for 15CS2. In both cases, the products are more stable than the 
corresponding C1 symmetric structures by as much as 8 kcal/mol. This suggests that the C1-
symmetric conformer would not be favored as much as the Cs-symmetric one once the methyl 
groups are introduced onto the sp3-hybridized portion of the eleven-carbon enediyne. 
Additionally, in the case of 15CS2 the introduction of two methyl groups at carbon 9 lowered 
the activation enthalpy to 23.62 kcal/mol, which is low enough to suggest the rearrangement 
may proceed at physiological temperature. In molecule 15CS1, the gem-dialkyl effect caused a 
decrease of the C1-C6 distance to 3.23Å, which falls within the aforementioned Nicolaou’s 
threshold, which also would tend to make the molecule rearrange at the lower temperature. 
3.2 Experimental Studies 
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After completing the theoretical studies, which showed that addition of methyl groups to 
the central carbon of the alkyl chain should lower the barrier for cyclization, I began 
experimental studies of the gem-dimethyl effect. The idea was to synthesize the eleven-carbon 
monocyclic enediyne and its methylated derivatives in order to compare the kinetics of their 
cyclization. Additionally, I was interested in collecting experimental evidence that could be 
used in assessing the effectiveness of computational methods, which I used in the theoretical 
section. The synthesis of the simple eleven-carbon ring has been achieved before by Nicolaou 
et al.16, while the methylated derivatives have not been synthesized prior to this study. 
Nicolaou’s synthetic pathway outlined in Scheme 1 was taken as a basis for synthesizing 
compounds with one and two methyl groups placed at carbon 9.  
 
Scheme 1. The syntheses of structures 7, 14 and 15. 
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 16a R1,R2=H
 16b R1=H, R2=CH3
 16c R1=CH3, R2=CH3
 17a - c  18a - c
 19a - c  20a - c  21a - c
 22a - c  23a - c
7 R1,R2=H
14 R1=H, R2=CH3
15 R1=CH3, R2=CH3  
Before attempting synthesis of novel compounds, I first became proficient in their 
chemistry by reproducing Nicolaou’s synthesis up to a point of making structure 20a. After I 
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repeated Nicolaou’s synthesis several times, I moved on to making the mono-methylated diol 
(18b). For this new reaction, starting material (16b) had to be prepared before the synthesis. In 
order to do that, I learned and reproduced the Schotten-Baumann and the von Braun amide 
degradation reactions. While Dr. Ramig and I were able to obtain the final product 16b, the 
yields were low and the reaction was time consuming. Due to that we switched to a 
commercially available 16b that was used in all reactions from that point on.   
 
4. Experimental Section 
4.1 Preparation of undeca-2,9-diyne-1,11-diol and 1,11-dibromoundeca-2,9-diyne 
 Compounds 17a, 18a and 19a were prepared following the procedure of Nicolaou et 
al.16 outlined in Scheme 1. Compound 17a was prepared by the terminal alkylation of two 
equivalents of tetrahydro-2-(2-propynyloxy)-2H-pyran with 1,5-dibromopentane using n-
butyllithium as a base in aprotic THF/HMPA solvent. The reaction mixture was cooled to -
78°C and kept under N2. Compound 18a was obtained by removing the protecting groups from 
17a with pyridinium p-toluenesulfonate catalyst in methanol. The compound 18a was then 
brominated with CBr4 with the assistance of tributylphosphine catalyst. The procedure was 
carried out in air-free conditions using syringe techniques, due to high reactivity of tri-n-
butylphosphine with atmospheric oxygen. .  
4.2 Preparation of 1,5-dibromo-3-methylpentane 
 1,5-dibromo-3-methylpentane has been prepared by a two-step synthesis involving the 
Schotten-Baumann reaction and Von Braun degradation outlined in Schemes 2 and 3.  
 i. Schotten-Baumann Reaction 
First 4-methylpiperidine 17 was converted into 1-benzoyl-4-methylpiperidine 18 by a 
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Schotten-Baumann reaction with benzoyl chloride 1661. Benzoyl chloride (29.0 mL, 0.250 mol) 
in a pressure-equalized dropping funnel was added dropwise over 40 min to a stirred mixture of 
4-methylpiperidine (29.6 mL, 0.250 mol), NaOH (13.0 g, 0.325 mol, 1.3 eq) and water (100 
mL). The three-neck flask was immersed in a 35°C water bath during addition. The resulting 
reaction mixture was biphasic. 
Scheme 2. Schotten-Baumann Reaction 
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The organic layer was separated, and the aqueous layer was extracted with an equal 
volume of ether. The ether extract and the organic layer were combined, dried over MgSO4, 
and concentrated in vacuo. The residue crystallized into a white solid upon cooling. The 
crystals were dissolved in hot 95% ethyl alcohol (100mL), cooled to room temperature and 
kept refrigerated overnight. Crystals were collected by suction filtration and dried. After 
collecting a second crop, the total yield was 28.74 g (57%). Purity was assessed by measuring 
melting point (83.5°C) and comparing it to the literature value (83.5-84.0°C) as well as by 
NMR. 
ii. von Braun Amide Degradation 
The von Braun amide degradation was performed according to a procedure outlined by 
Leonard and Wicks62 (Scheme 3). Initially, we tried the procedure by Fodor et al,63 but it did 
not produce the expected result. According to Fodor, 26 (6.5 g, 0.03 mol) was dissolved in dry 
CH2Cl2 (10 mL). The mixture was flushed with N2 for 30 min, and PBr3 (16.3 g, 0.06 mol, 5.8 
mL) was added slowly through a septum and stirred. Br2 (9.6 g, 0.06 mol, 3.1 mL) was added 
dropwise from the pressure-equalized dropping funnel at a rate 1 drop per 10 sec. The reaction 
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mixture was stirred for 4 hours, until it turned a red-brown color and formed a precipitate.  
According to the procedure, the crude mixture was dissolved in cyclohexene (7 mL) in 
order to absorb the Br2. Upon addition, the mixture became lighter, but did not become 
colorless as expected. The addition of hexane (20 mL) did not result in immediate precipitation 
of the intermediate as was reported by Fodor. The reaction mixture was stirred vigorously for 
30 min until a precipitate formed. However, the supernatant could not be removed from the 
mixture without centrifugation. The mixture was transferred into 4 centrifuge tubes, and 
centrifuged (x 2, 1 min, 1000 rpm). Because the reaction mixture was fuming on contact with 
air and decomposed, in order to transfer the precipitate into the flask, we broke the test tubes 
above the solid line with a hammer, and placed the solid into the flask as quickly as possible. 
The flask was immediately sealed. Distillation was performed in a Kugelrohr apparatus until 
decomposition occurred. However, the analysis of the distillate did not show the expected 
products. 
Scheme 3. von Braun Amide Degradation  
Br
Br
PBr3
Br2
CH3
N CH3C
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16b26
C
N
Br
Br
CH3
26a
Reduced
pressure
 
 In a second trial, we attempted to reproduce the procedure of Leonard and Wicks, which 
was more successful although time consuming. During cooling and stirring under N2, 26 (22.73 
g, 0.112 mol) was mixed with PBr3 (10.85 mL, 31.3 g, 0.115 mol) followed by Br2 (5.9 mL, 
18.2 g, 0.114 mol) added dropwise at a rate 1 drop per 2 sec. An ice bath was used to keep the 
mixture cool due to the exothermicity of the reaction. The reaction mixture was distilled under 
reduced pressure using short-path distillation from 42°C (2.5 mm) to 86°C (4.5 mm). The 
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collected distillate contained a mixture of benzonitrile, 1,5-dibromopentane and phosphoryl 
bromide. The latter was removed by pouring distillate into ice water. The organic layer was 
analyzed by NMR, which showed two compounds, benzonitrile and 1,5-dibromopentane in 1:1 
molar ratio. The mixture was hydrolyzed by 40% HBr (22.0 mL) under reflux for four hours. 
After steam distillation, the organic layer was washed with Na2CO3 (2 X 10 mL), water (15 
mL), and dried (CaCl2).  
Upon NMR analysis, it was determined that the fraction contained mainly benzonitrile 
and most of the product remained in the pot. The solid from the pot was dissolved in hexane 
(10 mL) and washed with 5% NaHCO3 solution (5 mL) and brine (5 mL). The mixture formed 
three layers in the separatory funnel, which was allowed to stand overnight. The organic layer 
was dried (CaCl2) and concentrated in vacuo. The 1,5-dibromopentane collected (4.43 g, 16%) 
was 95+% pure by NMR analysis. The last step of purification differs from the literature 
procedure, where the authors separated benzonitrile from 1,5-dibromopentane by vacuum 
distillation. While we simplified and improved the last step of the von Braun degradation, a 
decision was made not to reproduce the reaction due to time requirements and low yield; 
instead commercial 1,5-dibromo-3-methyl-pentane was used in further experiments. 
 
4.3 Preparation of 6-methyl-undeca-2,9-diyne-1,11-diol (18b) 
A solution of tetrahydro-2-(2-propynyloxy)-2H-pyran (19.8 mL, 19.8 g, 141 mmol, 2.24 
equiv) in anhydrous THF (128 mL) was cooled under N2 to -78°C using a dry ice/acetone bath. 
n-Butyllithium (1.6 M in hexanes, 90.6 mL, 145 mmol, 2.3 equiv) was added dropwise under 
N2, followed in 10 min by HMPA (38.6 mL) and 1,5-dibromo-3-methylpropane (9.6 mL, 15.4 
g, 63 mmol). After stirring for 30 min, the reaction was allowed to warm to room temperature. 
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The reaction mixture was clear, dark amber color and was stirred for 18 h (left overnight). It 
was then added to saturated aqueous NH4Cl  (150 mL) and ethyl ether (50 mL). The organic 
phase was then washed with 1 N HCl (2 X 50 mL), saturated aqueous NaHCO3, (2 X 50 mL), 
and saturated brine (100 mL), dried (MgSO4), filtered and concentrated in vacuo.  
For deprotection, the crude residue was dissolved in methanol (150 mL), and 
pyridinium p-toluenesulfonate (3.48 g, 13.9 mmol, 0.22 equiv) was added. After 22 h, the 
solution was concentrated in vacuo and dissolved in ethyl acetate (200 mL), which caused 
precipitation of pyridinium p-toluenesulfonate. After filtration, the organic solution was washed 
with saturated aqueous NaHCO3 (75 mL) and saturated brine (75 mL), dried (MgSO4), and 
concentrated in vacuo. The crude (12.5 g) was divided into four equal portions and each was 
then purified by radial chromatography (silica gel, 8 mm rotor, 40% ethyl acetate in hexanes). 
The product (7.1 g, 58% yield) was analyzed by NMR. Colorless oil; Rf 0.22 (silica gel, 40% 
ethyl acetate in hexanes, uv light). 
 
4.4 Preparation of 6-methyl-1,11-dibromoundeca-2,9-diyne (19b) 
A solution of 6-methyl-undeca-2,9-diyne-1,11-diol (3.71 g, 19 mmol) and carbon 
tetrabromide (25.3 g, 76.4 mmol , 4.0 equiv) in ethyl ether (anhydrous, 70 mL) was cooled to 
0°C under N2 using an ice bath. During stirring, a solution of tri-n-butylphosphine (18.9 mL, 
76.4 mmol, 4.0 equiv) in anhydrous ethyl ether (20 mL) under N2 was added slowly dropwise 
from a syringe. Upon addition, a white precipitate and a bright yellow viscous fluid began to 
form, which slowed down the stirring. After 15 min of stirring, the reaction mixture was shaken 
to homogenize it. The reaction mixture was dissolved in methylene chloride (90 mL) and 
vacuum filtered through a plug of silica with a layer of sand on top. The silica gel plug was 
 41 
washed with a 50% solution of ethyl ether in CH2Cl2. About 200 mL of clear dark-yellow 
liquid was collected and concentrated in vacuo. The isolated crude (14.4 g) was analyzed by 
NMR and compared to the non-methylated dibromide (16a). The crude was purified in two 
steps. First, it was dissolved in 144 mL of hexane, stirred vigorously for 1 hour and decanted. 
The supernatant was concentrated in vacuo. 8.0 g of crude isolated from this procedure were 
further purified by radial chromatography (silica gel, hexanes, 8 mm rotor, divided in three 
equal portions) to give the product (0.85 g, 14% yield) as a pale yellow oil; Rf 0.29 (silica gel, 
hexanes, uv light). 
 
5. Conclusions 
Nowadays, theory and experiment go hand in hand, giving a powerful combination to study 
chemcial systems. In this work, the chemical system containing a highly reactive diradical 
product was studied using both theoretical and experimental approaches, which has become a 
common practice in chemical research. The proposed synthesis of the molecules in this study is 
not trivial, and requires time and skill. For this reason, computational analysis was especially 
useful. Using quantum modeling, we were able to estimate the probability of the experimental 
success. Data acquired from calculations showed us the possible reaction routes, energies of the 
reactions and thus the possibility of the reaction to proceed at room temperature. By using a 
theoretical approach we were able to verify with less cost and time the hypothesis that the 
eleven-carbon cyclic enediyne substituted with one or two methyl groups will cyclize at room 
temperature. Once we knew that the reaction was feasible we proceeded to the experimental 
part of the study. While quantum modeling is a powerful tool, every computational result has 
its limitations since it is only an approximation of the physical reality of chemical systems. 
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Thus it was important for us to verify the results experimentally. Though challenging, 
experiments provide real-life data and allow us to calibrate the calculational method. While 
calculations can direct and fine-tune synthesis, only experiments can provide tangible results 
that can be applied in real life. This study has demonstrated the efficiency of using both 
approaches in tackling the challenging task of designing new chemical systems with potential 
biological use.  
 6. Further Studies 
In my laboratory work I have achieved the syntheses of three novel compounds, 18a, 
18b and 19b (Scheme 1). These compounds contribute toward making the final mono-
methylated product. The further studies will focus on completing the syntheses of the proposed 
structures and on performing kinetic and DNA cleaving studies.  
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9. Supporting Information 
 
This section provides additional information about computed structures at 
uB3LYP level with 6-31G* basis set and includes data about their geometries in the 
Cartesian coordinate system, energies, enthalpies, free Gibbs energies, and zero point 
energies of structures 3, 7, 14 and 15. It also contains 13C and 1H NMR spectra and high-
resolution MS data of the synthesized compounds. Additionally, the Cartesian 
coordinates, number of imaginary frequencies and energy values for all structures 
corresponding to the Bergman cyclization of 7 and its methylated derivatives 14 and 15 
calculated at uBLYP/6-31G* level of theory (39 pages) are available upon request by 
contacting o_lavinda@yahoo.com. 
 
9.1 Cartesian coordinates, bond distances, number of negative frequencies and energies for all 
structures corresponding to the Bergman cyclization of (Z)-3-ene-1,5-diyne (parent enediyne) 
reported in Figure 5 at uB3LYP/6-31G* level of theory. 
 
(Z)-3-ene-1,5-diyne* 
 
*Bond distances are reported in Å 
 
0 negative frequencies 
Zero-point correction=                              0.070710 (Hartree/Particle)) 
Thermal correction to Energy=                      0.076916 
Thermal correction to Enthalpy=                   0.077860 
Thermal correction to Gibbs Free Energy=          0.041198 
 S2 
Sum of electronic and zero-point Energies=           -230.816466 
Sum of electronic and thermal Energies=               -230.810260 
Sum of electronic and thermal Enthalpies=             -230.809316 
Sum of electronic and thermal Free Energies=          -230.845978 
 
0 1 
 C                  0.67726100    1.08131300   -0.00008700 
 C                 -0.67731700    1.08133500    0.00013600 
 C                  1.49731100   -0.07439600   -0.00027700 
 C                  2.23903300   -1.03221100    0.00018800 
 H                  2.87173900   -1.88932100    0.00018000 
 C                 -1.49735400   -0.07438300   -0.00001200 
 C                 -2.23897400   -1.03227700   -0.00001900 
 H                 -2.87146900   -1.88954300   -0.00011100 
 H                 -1.18925400    2.04130300    0.00031700 
 H                  1.18922700    2.04126900    0.00004100 
 
 
TS* 
*Bond distances are reported in Å 
 
1 negative frequency=-490.9624 
 
Zero-point correction=                                             0.070003 (Hartree/Particle) 
Thermal correction to Energy=                               0.074968 
Thermal correction to Enthalpy=                             0.075912 
Thermal correction to Gibbs Free Energy=              0.042256 
Sum of electronic and zero-point Energies=           -230.767510 
Sum of electronic and thermal Energies=              -230.762545 
Sum of electronic and thermal Enthalpies=            -230.761601 
Sum of electronic and thermal Free Energies=         -230.795257 
 
0 1 
 C                  1.22237700    0.69952200   -0.00007400 
 C                  0.00008800    1.37094300    0.00027400 
 C                 -1.20659500    0.98995000   -0.00019800 
 H                 -2.24389700    1.26458800    0.00022900 
 C                  1.22029700   -0.70280600   -0.00024400 
 C                 -0.00397300   -1.37039600    0.00010600 
 C                 -1.20984100   -0.98703100   -0.00007000 
 H                 -2.24773500   -1.25937100    0.00028900 
 H                  2.17690800   -1.21354700    0.00087900 
 S3 
 H                  2.18060600    1.20723000   -0.00016500 
 
 
para-benzyne* 
 
*Bond distances are reported in Å 
 
0 negative frequencies 
 
Zero-point correction=                            0.074117 (Hartree/Particle) 
Thermal correction to Energy=                     0.078474 
Thermal correction to Enthalpy=                  0.079418 
Thermal correction to Gibbs Free Energy=   0.046812 
Sum of electronic and zero-point Energies=  -230.807813 
Sum of electronic and thermal Energies=      -230.803455 
Sum of electronic and thermal Enthalpies=    -230.802511 
Sum of electronic and thermal Free Energies=  -230.835117 
 
0 1 
 C                  1.22090900    0.71092600    0.00005700 
 C                  1.22089000   -0.71094800    0.00013800 
 C                 -0.00008400    1.34141400   -0.00012100 
 C                 -1.22079000    0.71113400   -0.00018200 
 H                 -2.16517800    1.24770300   -0.00031300 
 C                 -0.00010800   -1.34140700    0.00012200 
 C                 -1.22081300   -0.71111900   -0.00001400 
 H                 -2.16521200   -1.24765900   -0.00003300 
 H                  2.16516500   -1.24765000    0.00025900 
 H                  2.16520000    1.24760300    0.00009000 
 
 
9.1 Cartesian coordinates, bond distances, number of negative frequencies and energies for all 
structures corresponding to the Bergman cyclization of (Z)-3-ene-1,5-diyne (parent enediyne) 
reported in Figure 5 at uBLYP/6-31G* level of theory. 
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(Z)-3-ene-1,5-diyne* 
*Bond distances are reported in Å 
 
0 negative frequencies 
 
Zero-point correction=                           0.068044 (Hartree/Particle) 
 Thermal correction to Energy=                    0.074563 
 Thermal correction to Enthalpy=                  0.075507 
 Thermal correction to Gibbs Free Energy=         0.038313 
 Sum of electronic and zero-point Energies=           -230.720080 
 Sum of electronic and thermal Energies=              -230.713561 
 Sum of electronic and thermal Enthalpies=            -230.712617 
 Sum of electronic and thermal Free Energies=         -230.749811 
 
0 1 
C                 -0.68513400    1.07847800    0.00001300 
 C                  0.68518200    1.07848900    0.00008600 
 C                 -1.51253800   -0.07387000   -0.00012000 
 C                 -2.27375700   -1.03093500   -0.00023100 
 H                 -2.91364100   -1.89121700    0.00043000 
 C                  1.51260900   -0.07384200    0.00006200 
 C                  2.27376600   -1.03095700    0.00005200 
 H                  2.91284900   -1.89183400    0.00019800 
 H                  1.19433000    2.04944600    0.00016300 
 H                 -1.19429800    2.04942700    0.00004000 
 
 
 
 
 
 
 
 
 
 
 
         TS* 
 S5 
 
1.38 1.38 
1.38 1.38 
1.45 1.45 
*Bond distances are reported in Å 
 
1 negative frequency= -430.3602 
 
Zero-point correction=                           0.067917 (Hartree/Particle) 
 Thermal correction to Energy=                    0.073055 
 Thermal correction to Enthalpy=                  0.073999 
 Thermal correction to Gibbs Free Energy=         0.040034 
 Sum of electronic and zero-point Energies=           -230.679929 
 Sum of electronic and thermal Energies=              -230.674792 
 Sum of electronic and thermal Enthalpies=            -230.673847 
 Sum of electronic and thermal Free Energies=         -230.707812 
 
0 1 
C                 -1.22988700    0.70638500    0.00004800 
 C                 -0.00257700    1.38752700    0.00013500 
 C                  1.22078700    1.03848400    0.00011200 
 H                  2.26277000    1.32078100    0.00016200 
 C                 -1.22984300   -0.70645100   -0.00009100 
 C                 -0.00249400   -1.38752300   -0.00013600 
 C                  1.22085200   -1.03841900   -0.00007800 
 H                  2.26284700   -1.32067500   -0.00007800 
 H                 -2.19328700   -1.22113200   -0.00008600 
 H                 -2.19336000    1.22101000    0.00005700 
 
 
 
 
 
 
 
 
 
 
 
para-benzyne* 
 
*Bond distances are reported in Å 
 
0 negative frequencies 
 
Zero-point correction=                           0.071371 (Hartree/Particle) 
 Thermal correction to Energy=                    0.075896 
 Thermal correction to Enthalpy=                  0.076840 
 Thermal correction to Gibbs Free Energy=         0.043982 
 Sum of electronic and zero-point Energies=           -230.706518 
 Sum of electronic and thermal Energies=              -230.701993 
 Sum of electronic and thermal Enthalpies=            -230.701049 
 Sum of electronic and thermal Free Energies=         -230.733907 
 
0 1 
 S6 
C                 -1.22122000   -0.72283100    0.00004700 
 C                 -1.22122100    0.72283000    0.00014900 
 C                  0.00000000   -1.35996800   -0.00012200 
 C                  1.22122000   -0.72283500   -0.00017600 
 H                  2.18288100   -1.24412800   -0.00030500 
 C                 -0.00000100    1.35996800    0.00012200 
 C                  1.22121900    0.72283600   -0.00002000 
 H                  2.18288000    1.24413000   -0.00004500 
 H                 -2.18287300    1.24414200    0.00026900 
 H                 -2.18287200   -1.24414400    0.00008100 
 
 
9.3 Cartesian coordinates, number of imaginary frequencies and energy values for all structures 
corresponding to the Bergman cyclization of 7 and its methylated derivatives 14 and 15 computed 
at uB3LYP-6-31G*. 
 
 
 
R-7C1 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.196522 (Hartree/Particle) 
 Thermal correction to Energy=                    0.206815 
 Thermal correction to Enthalpy=                  0.207759 
 Thermal correction to Gibbs Free Energy=         0.161410 
 Sum of electronic and zero-point Energies=           -426.063758 
 Sum of electronic and thermal Energies=              -426.053465 
 Sum of electronic and thermal Enthalpies=           -426.052520  
 Sum of electronic and thermal Free Energies=      -426.098870  
 
0 1 
 C                 -1.81849200    1.13844000    0.05201100 
 C                 -2.82520800    0.14664500    0.17184200 
 C                 -0.83245000    1.83899100   -0.06634800 
 C                 -2.51342500   -1.17693800    0.10680600 
 C                  0.49558400    2.43689700   -0.22037800 
 C                 -1.17713900   -1.61214700   -0.08851800 
 C                  0.00508500   -1.82814700   -0.27025300 
 H                 -3.30402400   -1.91777400    0.20343000 
 S7 
 H                  0.75650300    3.02364800    0.67267900 
 H                  0.50470900    3.14228600   -1.06240200 
 H                 -3.85974000    0.44703500    0.32113700 
 C                  1.55546700    1.32536300   -0.45472400 
 H                  1.24464800    0.75883300   -1.33979700 
 H                  2.51661000    1.79671900   -0.69934800 
 C                  1.70813900    0.38905400    0.75780900 
 H                  2.34306200    0.87557500    1.51097600 
 H                  0.72515100    0.25576200    1.22100100 
 C                  1.44763800   -1.88682500   -0.50979000 
 H                  1.63484400   -1.56091500   -1.54275100 
 H                  1.81296000   -2.92078500   -0.45431900 
 C                  2.28154900   -1.00834800    0.46888800 
 H                  2.36585300   -1.54106500    1.42418400 
 H                  3.29894200   -0.93722900    0.06114200 
 
 
 
 
R-7CS1 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.196235 (Hartree/Particle) 
 Thermal correction to Energy=                    0.206612 
 Thermal correction to Enthalpy=                  0.207556 
 Thermal correction to Gibbs Free Energy=         0.160967 
 Sum of electronic and zero-point Energies=           -426.055312 
 Sum of electronic and thermal Energies=              -426.044936  
 Sum of electronic and thermal Enthalpies=            -426.043992 
 Sum of electronic and thermal Free Energies=         -426.090580 
 
0 1 
 C                 -2.73592700   -0.68247500    0.30160300 
 H                 -3.64083800   -1.22628700    0.56051900 
 C                 -2.73606600    0.68219200    0.30172100 
 H                 -3.64107800    1.22576300    0.56078200 
 C                 -1.54818800    1.38002200   -0.03854500 
 C                 -1.54793500   -1.37999700   -0.03879100 
 C                 -0.41664000   -1.67233100   -0.37567400 
 C                 -0.41700700    1.67190100   -0.37623000 
 C                  1.71362900    0.00010800    1.03680000 
 H                  2.35191700    0.00017000    1.93040200 
 H                  0.68139500   -0.00008700    1.40447900 
 S8 
 C                  0.98237500    1.79186700   -0.78171900 
 H                  1.12088700    1.19069200   -1.69264300 
 H                  1.22760300    2.82446000   -1.06439400 
 C                  1.98930200    1.33144900    0.30991200 
 H                  2.98789200    1.31058300   -0.14845500 
 H                  2.01923700    2.11631400    1.07606900 
 C                  1.98973600   -1.33105700    0.30974100 
 H                  2.98818800   -1.30970300   -0.14890400 
 H                  2.02025100   -2.11596400    1.07583100 
 C                  0.98267000   -1.79184600   -0.78161200 
 H                  1.12064200   -1.19059000   -1.69256000 
 H                  1.22820500   -2.82434400   -1.06436000 
 
 
 
TS1-7CS1 
1 imaginary frequency 
 
Zero-point correction=                           0.189986 (Hartree/Particle) 
 Thermal correction to Energy=                    0.199855 
 Thermal correction to Enthalpy=                  0.200799 
 Thermal correction to Gibbs Free Energy=         0.155197 
 Sum of electronic and zero-point Energies=           -425.819680 
 Sum of electronic and thermal Energies=              -425.809812 
 Sum of electronic and thermal Enthalpies=            -425.808867 
 Sum of electronic and thermal Free Energies=         -425.854469 
 
0 1 
 C                 -1.51361900    1.39236200    0.05015500 
 C                 -2.72425600    0.69572500    0.30001800 
 C                 -0.38441300    1.75215300   -0.22088400 
 C                 -2.76169600   -0.66358400    0.20668500 
 C                  0.99071000    2.05945400   -0.60428400 
 C                 -1.58031100   -1.37356900   -0.12861200 
 C                 -0.44888100   -1.70164900   -0.42768800 
 H                 -3.69021400   -1.19662400    0.39494100 
 H                  1.20784700    3.11235600   -0.38226300 
 H                  1.05598300    1.97605800   -1.69819700 
 H                 -3.62338200    1.24684000    0.56473100 
 C                  2.11586700    1.16221800    0.04690900 
 H                  2.74392700    0.77754200   -0.76602500 
 H                  2.76281000    1.83463100    0.61955700 
 C                  1.69631500   -0.00785700    0.97516800 
 H                  2.29219500    0.05781500    1.89385400 
 S9 
 H                  0.65381700    0.11529100    1.28419000 
 C                  0.96878100   -1.88040600   -0.73389100 
 H                  1.20388600   -1.29857100   -1.63779600 
 H                  1.19391600   -2.92637500   -0.98166000 
 C                  1.89437300   -1.43492000    0.42915700 
 H                  1.74930600   -2.13675300    1.26010100 
 H                  2.93268200   -1.56178200    0.09217100 
 
 
TS2-7CS1 
 
1 imaginary frequency 
 
Zero-point correction=                           0.194911 (Hartree/Particle) 
 Thermal correction to Energy=                    0.204114 
 Thermal correction to Enthalpy=                  0.205058 
 Thermal correction to Gibbs Free Energy=         0.160831 
 Sum of electronic and zero-point Energies=           -426.010541 
 Sum of electronic and thermal Energies=              -426.001339 
 Sum of electronic and thermal Enthalpies=            -426.000395 
 Sum of electronic and thermal Free Energies=       -426.044622 
0 1 
 C                  2.75676800    0.70084500    0.34948300 
 H                  3.67003400    1.21521800    0.63131000 
 C                  2.75676900   -0.70084500    0.34948300 
 H                  3.67003400   -1.21521700    0.63131000 
 C                  1.59230500   -1.36923200   -0.01907900 
 C                  1.59230500    1.36923200   -0.01907900 
 C                  0.43275300    0.97141500   -0.39302800 
 C                  0.43275300   -0.97141600   -0.39302800 
 C                 -1.96691800    0.00000000    1.07483800 
 H                 -2.79924300    0.00000000    1.79054700 
 H                 -1.04865100    0.00000000    1.67433900 
 C                 -0.90906400   -1.47791500   -0.80050100 
 H                 -1.21814100   -0.99622600   -1.73500500 
 H                 -0.79930700   -2.54188200   -1.03632100 
 C                 -2.02036500   -1.30626900    0.26932600 
 H                 -2.99234100   -1.40487100   -0.23279100 
 H                 -1.94992600   -2.14007400    0.97864500 
 C                 -2.02036500    1.30626900    0.26932600 
 H                 -2.99234200    1.40487000   -0.23279000 
 H                 -1.94992600    2.14007400    0.97864600 
 C                 -0.90906400    1.47791600   -0.80050100 
 H                 -1.21814200    0.99622800   -1.73500500 
 H                 -0.79930700    2.54188300   -1.03632000 
 S10 
 
 
 
P-7CS1 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.197822 (Hartree/Particle) 
 Thermal correction to Energy=                    0.206779 
 Thermal correction to Enthalpy=                  0.207723 
 Thermal correction to Gibbs Free Energy=         0.163890 
 Sum of electronic and zero-point Energies=           -426.042146 
 Sum of electronic and thermal Energies=              -426.033190 
 Sum of electronic and thermal Enthalpies=            -426.032245 
 Sum of electronic and thermal Free Energies=       -426.076078 
 
0 1 
 C                  2.75306300    0.70903300    0.35475300 
 H                  3.65109800    1.25310700    0.63518600 
 C                  2.75293400   -0.70909100    0.35507800 
 H                  3.65090600   -1.25319900    0.63564500 
 C                  1.58285300   -1.33286900   -0.01155100 
 C                  1.58294400    1.33285600   -0.01167200 
 C                  0.40984300    0.71980600   -0.38312300 
 C                  0.40987700   -0.71977700   -0.38332500 
 C                 -2.03116400   -0.00002800    1.04735700 
 H                 -2.91597600   -0.00005500    1.69735600 
 H                 -1.16455300   -0.00004700    1.71964100 
 C                 -0.85467000   -1.45621700   -0.77896200 
 H                 -1.18266700   -1.08041700   -1.75676400 
 H                 -0.62545000   -2.51666200   -0.92188300 
 C                 -2.01973100   -1.30967800    0.24079700 
 H                 -2.96920300   -1.42898000   -0.29797600 
 H                 -1.96804800   -2.13839700    0.95808600 
 C                 -2.01975000    1.30968000    0.24089500 
 H                 -2.96920300    1.42899800   -0.29790700 
 H                 -1.96809800    2.13835300    0.95824000 
 C                 -0.85466000    1.45628700   -0.77880200 
 H                 -1.18262000    1.08053800   -1.75663700 
 H                 -0.62542500    2.51673900   -0.92165300 
 
 
 
 
 
 S11 
 
 
 
 
 
 
 
 
 
 
R-7C2 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.195957 (Hartree/Particle) 
 Thermal correction to Energy=                    0.206561 
 Thermal correction to Enthalpy=                  0.207506 
 Thermal correction to Gibbs Free Energy=         0.159934 
 Sum of electronic and zero-point Energies=           -426.057882 
 Sum of electronic and thermal Energies=              -426.047277 
 Sum of electronic and thermal Enthalpies=            -426.046333 
 Sum of electronic and thermal Free Energies=         -426.093904 
 
0 1 
 C                 -1.60623300   -1.37407700    0.21631200 
 C                 -2.83361300   -0.67109400    0.11564400 
 C                 -0.45186600   -1.75283900    0.24529800 
 C                 -2.83368200    0.67090400   -0.11563200 
 C                  0.95862500   -2.10982400    0.11054900 
 C                 -1.60637200    1.37401300   -0.21625200 
 C                  1.75780100   -1.09200900   -0.76264400 
 C                 -0.45204600    1.75289100   -0.24533100 
 C                  1.75760000    1.09212100    0.76268000 
 C                  0.95846700    2.10983200   -0.11068700 
 C                  2.53082600    0.00007500    0.00009200 
 H                 -3.77552800    1.20661900   -0.20635000 
 H                  1.03040600   -3.10646900   -0.34632100 
 H                  1.43203400   -2.20425400    1.09896700 
 H                  1.07795900   -0.64569200   -1.49658400 
 H                  2.50038100   -1.66213600   -1.33549700 
 H                  1.07768400    0.64576900    1.49652700 
 H                  2.50004600    1.66232500    1.33563000 
 H                  1.43184300    2.20403000   -1.09914300 
 H                  1.03033200    3.10656800    0.34597000 
 H                  3.19654800   -0.49748500    0.72067300 
 H                  3.19665700    0.49767000   -0.72036300 
 H                 -3.77540300   -1.20691400    0.20631600 
 
 
 
 
 S12 
 
 
 
 
 
TS-7C2 
 
1 imaginary frequency 
 
Zero-point correction=                           0.194273 (Hartree/Particle) 
 Thermal correction to Energy=                    0.203724 
 Thermal correction to Enthalpy=                  0.204668 
 Thermal correction to Gibbs Free Energy=         0.159794 
 Sum of electronic and zero-point Energies=           -426.004158 
 Sum of electronic and thermal Energies=              -425.994706 
 Sum of electronic and thermal Enthalpies=            -425.993762 
 Sum of electronic and thermal Free Energies=       -426.038636 
0 1 
 C                 -1.72173800    1.34954500   -0.17426500 
 C                 -2.94560800    0.69301800   -0.09244400 
 C                 -0.49224300    0.98536800   -0.13080600 
 C                 -2.94560800   -0.69301800    0.09244400 
 C                  0.84838000    1.65347600   -0.22901100 
 C                 -1.72173800   -1.34954500    0.17426500 
 C                  1.97392000    1.10290500    0.66721200 
 C                 -0.49224400   -0.98536800    0.13080400 
 C                  1.97392000   -1.10290600   -0.66721100 
 C                  0.84837900   -1.65347400    0.22901300 
 C                  2.80775200    0.00000000   -0.00000100 
 H                 -3.89824600   -1.20832500    0.16240600 
 H                  0.66815300    2.70351400    0.02411600 
 H                  1.18259000    1.65361600   -1.27676400 
 H                  1.53865900    0.74286100    1.60690500 
 H                  2.64185900    1.92901200    0.94014000 
 H                  1.53865900   -0.74286500   -1.60690600 
 H                  2.64185800   -1.92901500   -0.94013700 
 H                  1.18258800   -1.65360900    1.27676600 
 H                  0.66815400   -2.70351400   -0.02411000 
 H                  3.46746900    0.44952500   -0.75490300 
 H                  3.46747200   -0.44952400    0.75489800 
 H                 -3.89824500    1.20832600   -0.16240700 
 
 
 
 
 
 
 
P-7C2 
 
0 imaginary frequencies 
 S13 
 
Zero-point correction=                           0.197480 (Hartree/Particle) 
 Thermal correction to Energy=                    0.206489 
 Thermal correction to Enthalpy=                  0.207433 
 Thermal correction to Gibbs Free Energy=         0.163616 
 Sum of electronic and zero-point Energies=           -426.041865 
 Sum of electronic and thermal Energies=              -426.032856 
 Sum of electronic and thermal Enthalpies=            -426.031912 
 Sum of electronic and thermal Free Energies=         -426.075729 
 
0 1 
 C                 -1.70550300   -1.30436400    0.19513200 
 C                 -2.93478300   -0.70134200    0.10511700 
 C                 -0.46146200   -0.70954500    0.10618700 
 C                 -2.93478300    0.70134200   -0.10511700 
 C                  0.79112600   -1.57185600    0.23357600 
 C                 -1.70550300    1.30436400   -0.19513200 
 C                  1.98745400   -1.12980700   -0.62604300 
 C                 -0.46146200    0.70954500   -0.10618700 
 C                  1.98745400    1.12980700    0.62604300 
 C                  0.79112500    1.57185600   -0.23357600 
 C                  2.82286300    0.00000000    0.00000000 
 H                 -3.87138000    1.24681100   -0.18579200 
 H                  0.50468400   -2.59385400   -0.03707600 
 H                  1.09636100   -1.62267100    1.28957900 
 H                  1.61827700   -0.82440800   -1.61347400 
 H                  2.63962200   -1.99422800   -0.80305200 
 H                  1.61827700    0.82440800    1.61347400 
 H                  2.63962200    1.99422800    0.80305200 
 H                  1.09636100    1.62267100   -1.28957900 
 H                  0.50468400    2.59385400    0.03707600 
 H                  3.48285700   -0.41834700    0.77211300 
 H                  3.48285700    0.41834700   -0.77211300 
 H                 -3.87138000   -1.24681100    0.18579200 
 
 
 
 
 
 
 
 
 
 
R-7CS2 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.196486 (Hartree/Particle) 
 Thermal correction to Energy=                    0.206866 
 Thermal correction to Enthalpy=                  0.207810 
 S14 
 Thermal correction to Gibbs Free Energy=         0.160959 
 Sum of electronic and zero-point Energies=           -426.062771 
 Sum of electronic and thermal Energies=              -426.052391 
 Sum of electronic and thermal Enthalpies=            -426.051447 
 Sum of electronic and thermal Free Energies=         -426.098298 
 
0 1 
 C                  1.50628000   -1.43852000    0.00550700 
 C                  2.70320300   -0.68156000   -0.06896600 
 C                  0.42356200   -1.98703200    0.07041100 
 C                  2.70396000    0.67893900   -0.06874200 
 C                 -0.97378300   -2.42248400    0.13794900 
 C                  1.50785800    1.43717800    0.00589300 
 C                 -1.92531800   -1.30228800   -0.36245400 
 C                  0.42569700    1.98672200    0.07133900 
 C                 -1.92334500    1.30388500   -0.36316600 
 C                 -0.97130000    2.42347900    0.13760400 
 C                 -1.80773900    0.00095200    0.46105900 
 H                  3.65395200    1.20549100   -0.13157400 
 H                 -1.22615800   -2.69321200    1.17394000 
 H                 -1.12601400   -3.33122400   -0.45970600 
 H                 -1.67283200   -1.10132900   -1.41039700 
 H                 -2.95324300   -1.68659000   -0.35556900 
 H                 -1.66995200    1.10217300   -1.41074400 
 H                 -2.95094900    1.68907700   -0.35750700 
 H                 -1.22437300    2.69495100    1.17322800 
 H                 -1.12216500    3.33206600   -0.46063300 
 H                 -2.54978400    0.00175400    1.26985100 
 H                 -0.82555100    0.00036700    0.94245600 
 H                  3.65261300   -1.20914600   -0.13193900 
 
 
 
 
 
 
 
 
 
 
TS-7CS2 
 
1 imaginary frequency 
 
Zero-point correction=                           0.194475 (Hartree/Particle) 
 Thermal correction to Energy=                    0.203820 
 Thermal correction to Enthalpy=                  0.204764 
 Thermal correction to Gibbs Free Energy=         0.160231 
 Sum of electronic and zero-point Energies=           -426.010931 
 Sum of electronic and thermal Energies=              -426.001586 
 Sum of electronic and thermal Enthalpies=            -426.000642 
 S15 
 Sum of electronic and thermal Free Energies=       -426.045174 
0 1 
 C                  1.68943500   -1.36622600    0.00315100 
 C                  2.87643600   -0.70007100   -0.29117000 
 C                  0.50583000   -0.98243800    0.29945900 
 C                  2.87649100    0.69996900   -0.29110700 
 C                 -0.84231300   -1.53208100    0.62474300 
 C                  1.68954100    1.36619100    0.00327400 
 C                 -1.93411400   -1.30676600   -0.44954000 
 C                  0.50590800    0.98245500    0.29953300 
 C                 -1.93392000    1.30678400   -0.44969100 
 C                 -0.84224600    1.53211000    0.62472500 
 C                 -2.72623000    0.00007700   -0.31007900 
 H                  3.80171400    1.21586100   -0.52722300 
 H                 -1.19490100   -1.14475300    1.59067400 
 H                 -0.69866900   -2.60836700    0.76638700 
 H                 -1.47630900   -1.37359700   -1.44402700 
 H                 -2.64730100   -2.13833600   -0.37932300 
 H                 -1.47594100    1.37332300   -1.44411600 
 H                 -2.64698700    2.13848000   -0.37977500 
 H                 -1.19492400    1.14473200    1.59060300 
 H                 -0.69862400    2.60839100    0.76643300 
 H                 -3.52817000    0.00008800   -1.06051100 
 H                 -3.23042000    0.00017100    0.66842900 
 H                  3.80162000   -1.21601400   -0.52733100 
 
 
 
P-7CS2 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.197608 (Hartree/Particle) 
 Thermal correction to Energy=                    0.206523 
 Thermal correction to Enthalpy=                  0.207467 
 Thermal correction to Gibbs Free Energy=         0.163930 
 Sum of electronic and zero-point Energies=           -426.047716 
 Sum of electronic and thermal Energies=              -426.038801 
 Sum of electronic and thermal Enthalpies=            -426.037857 
 Sum of electronic and thermal Free Energies=         -426.081394 
 
 
 S16 
 
 
R-14CS1eq 
 
0 imaginary freq 
 
Zero-point correction=                           0.224666 (Hartree/Particle) 
 Thermal correction to Energy=                    0.236383 
 Thermal correction to Enthalpy=                  0.237327 
 Thermal correction to Gibbs Free Energy=         0.188089 
 Sum of electronic and zero-point Energies=           -465.330127 
 Sum of electronic and thermal Energies=              -465.318411 
 Sum of electronic and thermal Enthalpies=            -465.317467 
 Sum of electronic and thermal Free Energies=         -465.366704 
 
0 1 
 C                 -2.85607500   -0.68289600    0.29441800 
 H                 -3.74272400   -1.22571800    0.61179500 
 C                 -2.85613600    0.68285200    0.29431700 
 H                 -3.74282900    1.22564700    0.61161700 
 C                 -1.69271300    1.37962200   -0.12469900 
 C                 -1.69265900   -1.37963300   -0.12467600 
 C                 -0.56846100   -1.63271500   -0.51323400 
 C                 -0.56848600    1.63270500   -0.51317200 
 C                  1.94139300    0.00000400    0.70452000 
 H                  2.94093800    0.00000600    1.16792200 
 C                  0.78840400    1.74099400   -1.04544700 
 H                  0.83238700    1.12623800   -1.95660500 
 H                  0.98996900    2.76927100   -1.37685200 
 C                  1.94949700    1.33240600   -0.09502800 
 H                  2.85852300    1.35596000   -0.71262400 
 H                  2.06793300    2.13445100    0.64504900 
 C                  1.94952300   -1.33237300   -0.09506700 
 H                  2.85855300   -1.35589200   -0.71265900 
 H                  2.06796800   -2.13443900    0.64498600 
 C                  0.78843700   -1.74094800   -1.04550400 
 H                  0.83241000   -1.12615300   -1.95663500 
 H                  0.99003100   -2.76920600   -1.37695100 
 C                  0.96178900   -0.00002700    1.89377700 
 H                  1.13134600    0.88494100    2.51972100 
 H                 -0.08297100   -0.00005300    1.59029800 
 H                  1.13139100   -0.88499100    2.51971400 
 
 S17 
 
 
TS-14CS1eq 
 
1 imaginary freq 
 
Zero-point correction=                           0.223087 (Hartree/Particle) 
 Thermal correction to Energy=                    0.233769 
 Thermal correction to Enthalpy=                  0.234713 
 Thermal correction to Gibbs Free Energy=         0.187321 
 Sum of electronic and zero-point Energies=           -465.289048 
 Sum of electronic and thermal Energies=              -465.278366 
 Sum of electronic and thermal Enthalpies=            -465.277422 
 Sum of electronic and thermal Free Energies=         -465.324814 
 
0 1 
 C                  2.86555900    0.70063300    0.40288800 
 H                  3.74769200    1.21458700    0.77127900 
 C                  2.86535900   -0.70112100    0.40274300 
 H                  3.74735300   -1.21540200    0.77101200 
 C                  1.74036600   -1.36966500   -0.07384200 
 C                  1.74074700    1.36960500   -0.07351900 
 C                  0.61877000    0.97136500   -0.54567900 
 C                  0.61862000   -0.97098000   -0.54615600 
 C                 -2.09361200   -0.00030500    0.63946600 
 H                 -3.14837000   -0.00044100    0.95167200 
 C                 -0.67763500   -1.46731700   -1.08643500 
 H                 -0.87530500   -0.99090000   -2.05345100 
 H                 -0.54654400   -2.53272000   -1.30574200 
 C                 -1.92109100   -1.30889000   -0.17126100 
 H                 -2.80062300   -1.45131700   -0.81366900 
 H                 -1.92943500   -2.14065100    0.54403400 
 C                 -1.92160300    1.30825900   -0.17142000 
 H                 -2.80068300    1.44951400   -0.81470300 
 H                 -1.93177200    2.14011300    0.54374600 
 C                 -0.67743400    1.46836500   -1.08553300 
 H                 -0.87447400    0.99372900   -2.05356600 
 H                 -0.54634500    2.53417700   -1.30280800 
 C                 -1.28524200   -0.00004200    1.95320600 
 H                 -1.53518900   -0.88558300    2.55052800 
 H                 -0.20609400    0.00108400    1.79353300 
 H                 -1.53702800    0.88436100    2.55137900 
 
 S18 
 
 
P-14CS1eq 
 
0 imaginary freq 
 
Zero-point correction=                           0.225952 (Hartree/Particle) 
 Thermal correction to Energy=                    0.236421 
 Thermal correction to Enthalpy=                  0.237365 
 Thermal correction to Gibbs Free Energy=         0.190052 
 Sum of electronic and zero-point Energies=           -465.321399 
 Sum of electronic and thermal Energies=              -465.310929 
 Sum of electronic and thermal Enthalpies=           -465.309985 
 Sum of electronic and thermal Free Energies=         -465.357299 
 
0 1 
 C                 -2.86104300   -0.70921200    0.43222800 
 H                 -3.72509100   -1.25325500    0.80449300 
 C                 -2.86110200    0.70912900    0.43216000 
 H                 -3.72519100    1.25313700    0.80438200 
 C                 -1.73566100    1.33318200   -0.05460300 
 C                 -1.73557300   -1.33322200   -0.05452100 
 C                 -0.60613700   -0.71875900   -0.54098900 
 C                 -0.60618100    0.71876100   -0.54101100 
 C                  2.12577300    0.00008400    0.58589600 
 H                  3.19646500    0.00016500    0.83749600 
 C                  0.61068400    1.45018300   -1.06733400 
 H                  0.81811500    1.08045000   -2.08020000 
 H                  0.37011700    2.51222500   -1.17785300 
 C                  1.90035300    1.31255800   -0.20998900 
 H                  2.75392700    1.47325000   -0.88188000 
 H                  1.92924400    2.13743400    0.51312800 
 C                  1.90086200   -1.31194100   -0.21084900 
 H                  2.75413600   -1.47138900   -0.88341400 
 H                  1.93100600   -2.13729900    0.51166300 
 C                  0.61068600   -1.45018300   -1.06743400 
 H                  0.81751200   -1.08093600   -2.08060300 
 H                  0.37022900   -2.51231200   -1.17731900 
 C                  1.39686600   -0.00050200    1.94615200 
 H                  1.68168600    0.88406800    2.52920500 
 H                  0.30883300   -0.00056500    1.85412500 
 H                  1.68184600   -0.88545700    2.52854400 
 
 
 S19 
 
R-14CS1ax 
 
0 imaginary freq 
 
Zero-point correction=                           0.224332 (Hartree/Particle) 
 Thermal correction to Energy=                    0.236132 
 Thermal correction to Enthalpy=                  0.237077 
 Thermal correction to Gibbs Free Energy=         0.187388 
 Sum of electronic and zero-point Energies=           -465.339887 
 Sum of electronic and thermal Energies=              -465.328087 
 Sum of electronic and thermal Enthalpies=            -465.327143 
 Sum of electronic and thermal Free Energies=         -465.376832 
 
0 1 
 C                 -2.92089500   -0.68243600    0.65524300 
 H                 -3.75652900   -1.22694800    1.08741200 
 C                 -2.92083700    0.68248800    0.65526300 
 H                 -3.75641900    1.22705600    1.08746300 
 C                 -1.82265500    1.37780900    0.08568400 
 C                 -1.82276300   -1.37782100    0.08564400 
 C                 -0.77722100   -1.65563000   -0.46986700 
 C                 -0.77720500    1.65561300   -0.47000500 
 C                  1.61404700   -0.00003200    0.53392900 
 C                  0.51433700    1.75826000   -1.14731300 
 H                  0.46633300    1.14218100   -2.05708300 
 H                  0.70039600    2.78441200   -1.49210200 
 C                  1.71979700    1.31796200   -0.26982600 
 H                  2.60852700    1.28709200   -0.91666300 
 H                  1.89702200    2.12362500    0.45365300 
 C                  1.71980100   -1.31792200   -0.27000400 
 H                  2.60843300   -1.28690600   -0.91696800 
 H                  1.89719900   -2.12365900    0.45335100 
 C                  0.51423400   -1.75820400   -1.14735400 
 H                  0.46607000   -1.14206100   -2.05707200 
 H                  0.70027800   -2.78432700   -1.49223700 
 C                  2.71411400   -0.00009600    1.61335300 
 H                  2.63947800   -0.88533000    2.25530100 
 H                  3.71609200   -0.00008400    1.16348000 
 H                  2.63949900    0.88507500    2.25539200 
 H                  0.64509100   -0.00006900    1.04758300 
 
 S20 
 
 
TS 14CS1ax 
 
1 imaginary freq 
 
Zero-point correction=                           0.222887 (Hartree/Particle) 
 Thermal correction to Energy=                    0.233566 
 Thermal correction to Enthalpy=                  0.234510 
 Thermal correction to Gibbs Free Energy=         0.187071 
 Sum of electronic and zero-point Energies=           -465.296713 
 Sum of electronic and thermal Energies=              -465.286034 
 Sum of electronic and thermal Enthalpies=            -465.285090 
 Sum of electronic and thermal Free Energies=         -465.332529 
 
0 1 
 C                  2.98857000    0.70083800    0.69368300 
 H                  3.83542900    1.21541400    1.13654500 
 C                  2.98857000   -0.70083800    0.69368300 
 H                  3.83542900   -1.21541400    1.13654500 
 C                  1.91010600   -1.36928000    0.12009800 
 C                  1.91010600    1.36928000    0.12009800 
 C                  0.83740700    0.97114300   -0.45674800 
 C                  0.83740700   -0.97114300   -0.45674800 
 C                 -1.81370600    0.00000000    0.56057000 
 C                 -0.40855600   -1.47106000   -1.10391500 
 H                 -0.53690700   -0.99046400   -2.08008300 
 H                 -0.26201900   -2.53589600   -1.31471800 
 C                 -1.69855700   -1.29858600   -0.25879600 
 H                 -2.56212300   -1.39402700   -0.93241000 
 H                 -1.76142200   -2.13800600    0.44525500 
 C                 -1.69855700    1.29858600   -0.25879600 
 H                 -2.56212300    1.39402700   -0.93240900 
 H                 -1.76142100    2.13800600    0.44525500 
 C                 -0.40855600    1.47106000   -1.10391500 
 H                 -0.53690700    0.99046400   -2.08008300 
 H                 -0.26201900    2.53589600   -1.31471800 
 C                 -3.12165800    0.00000000    1.36619900 
 H                 -3.19151100    0.88549000    2.00888100 
 H                 -3.99723300   -0.00000100    0.70379700 
 H                 -3.19151000   -0.88548900    2.00888200 
 H                 -0.98111400    0.00000000    1.27677400 
 
 
 S21 
 
 
P-14CS1ax 
 
0 imaginary freq 
 
Zero-point correction=                           0.225791 (Hartree/Particle) 
 Thermal correction to Energy=                    0.236230 
 Thermal correction to Enthalpy=                  0.237174 
 Thermal correction to Gibbs Free Energy=         0.190094 
 Sum of electronic and zero-point Energies=           -465.328429 
 Sum of electronic and thermal Energies=              -465.317989 
 Sum of electronic and thermal Enthalpies=            -465.317045 
 Sum of electronic and thermal Free Energies=         -465.364125 
 
0 1 
 C                  3.00146600   -0.70911800   -0.68500500 
 H                  3.83769000   -1.25297800   -1.11637000 
 C                  3.00146600    0.70911800   -0.68500500 
 H                  3.83769000    1.25297700   -1.11637000 
 C                  1.91222900    1.33335300   -0.12232000 
 C                  1.91222800   -1.33335300   -0.12231900 
 C                  0.82122400   -0.71952400    0.44558900 
 C                  0.82122400    0.71952500    0.44558800 
 C                 -1.85564500    0.00000000   -0.55220900 
 C                 -0.35782100    1.45064700    1.05482100 
 H                 -0.50793500    1.07559400    2.07530000 
 H                 -0.11164100    2.51223600    1.15460500 
 C                 -1.68285500    1.30257900    0.25517100 
 H                 -2.52496300    1.42014100    0.95174700 
 H                 -1.75778900    2.13576500   -0.45554500 
 C                 -1.68285400   -1.30258000    0.25517100 
 H                 -2.52496300   -1.42014200    0.95174600 
 H                 -1.75778600   -2.13576500   -0.45554600 
 C                 -0.35782100   -1.45064600    1.05482200 
 H                 -0.50793600   -1.07559100    2.07530100 
 H                 -0.11164100   -2.51223500    1.15460800 
 C                 -3.21496200    0.00000000   -1.26742800 
 H                 -3.32914000   -0.88566900   -1.90372300 
 H                 -4.04261100    0.00000000   -0.54615500 
 H                 -3.32914100    0.88566800   -1.90372300 
 H                 -1.07711000    0.00000000   -1.32713700 
 
 
 S22 
 
 
 
 
 
 
 
 
R-14C2 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.224106 (Hartree/Particle) 
 Thermal correction to Energy=                    0.236142 
 Thermal correction to Enthalpy=                  0.237086 
 Thermal correction to Gibbs Free Energy=         0.186147 
 Sum of electronic and zero-point Energies=           -465.341899 
 Sum of electronic and thermal Energies=              -465.329863 
 Sum of electronic and thermal Enthalpies=            -465.328919 
 Sum of electronic and thermal Free Energies=         -465.379858 
 
0 1 
 C                  2.08383500    1.27447000    0.11769800 
 C                  3.24579600    0.47930900   -0.05052700 
 C                  0.96664100    1.74171900    0.21814900 
 C                  3.12982500   -0.86486500   -0.23523300 
 C                 -0.41884900    2.20473800    0.20461100 
 C                  1.84868800   -1.47250100   -0.22403500 
 C                 -1.37938100    1.25506500   -0.57875300 
 C                  0.66886700   -1.75433300   -0.15221900 
 C                 -1.41106700   -0.88094100    0.96963100 
 C                 -0.75680600   -1.98152500    0.07098100 
 C                 -2.19732700    0.25412000    0.26808100 
 H                  4.01981300   -1.47331700   -0.37640700 
 H                 -0.45483000    3.20293300   -0.25292500 
 H                 -0.78910500    2.34048100    1.23167800 
 H                 -0.81016700    0.72825300   -1.35333800 
 H                 -2.10265100    1.88934900   -1.10738300 
 H                 -0.63456400   -0.45348800    1.61270400 
 H                 -2.12205700   -1.38347400    1.63819900 
 H                 -1.28443800   -2.06067200   -0.88890000 
 H                 -0.89063300   -2.95850000    0.55506000 
 H                 -2.64593900    0.83673200    1.08857000 
 H                  4.22825400    0.94517500   -0.04615900 
 C                 -3.36466600   -0.30253300   -0.56669000 
 H                 -3.96421800   -1.01466200    0.01290000 
 H                 -4.02943700    0.50428000   -0.89603700 
 H                 -3.01335600   -0.81942300   -1.46811800 
 
 
 
 S23 
 
 
 
 
 
 
 
TS-14C2 
 
1 imaginary frequency 
 
Zero-point correction=                           0.222346 (Hartree/Particle) 
 Thermal correction to Energy=                    0.233209 
 Thermal correction to Enthalpy=                  0.234154 
 Thermal correction to Gibbs Free Energy=         0.186229 
 Sum of electronic and zero-point Energies=           -465.289875 
 Sum of electronic and thermal Energies=              -465.279012 
 Sum of electronic and thermal Enthalpies=            -465.278068 
 Sum of electronic and thermal Free Energies=         -465.325993 
 
0 1 
 C                  2.18602200    1.29010700    0.06487000 
 C                  3.36248200    0.56087200   -0.07490400 
 C                  0.93860400    0.99683400    0.12158600 
 C                  3.27210500   -0.82885800   -0.20333000 
 C                 -0.35301000    1.74101100    0.29505300 
 C                  2.01099900   -1.41564500   -0.17401700 
 C                 -1.57989000    1.22887600   -0.48266600 
 C                  0.81077200   -0.97784300   -0.06060200 
 C                 -1.59115500   -0.91610400    0.91739900 
 C                 -0.57238500   -1.55823100   -0.04551400 
 C                 -2.43671700    0.21378700    0.29347600 
 H                  4.18744800   -1.40055200   -0.31872200 
 H                 -0.13735700    2.76908000   -0.01447100 
 H                 -0.60016500    1.80015300    1.36518400 
 H                 -1.25218100    0.80213500   -1.43916300 
 H                 -2.21352800    2.08760600   -0.73827600 
 H                 -1.05742600   -0.54803000    1.80106800 
 H                 -2.27159700   -1.69697700    1.27982100 
 H                 -0.97589000   -1.56292700   -1.06762900 
 H                 -0.44211300   -2.61201800    0.22190800 
 H                 -2.90782900    0.75520700    1.12807500 
 H                  4.34500100    1.02166200   -0.09204200 
 C                 -3.56482100   -0.33376200   -0.59338200 
 H                 -4.24236000   -0.97833400   -0.02123700 
 H                 -4.15981500    0.48130500   -1.02248400 
 H                 -3.17020100   -0.92457600   -1.42984400 
 
 
 
 
 S24 
 
 
 
 
 
P-14C2 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.225581 (Hartree/Particle) 
 Thermal correction to Energy=                    0.235982 
 Thermal correction to Enthalpy=                  0.236926 
 Thermal correction to Gibbs Free Energy=         0.190075 
 Sum of electronic and zero-point Energies=           -465.327714 
 Sum of electronic and thermal Energies=              -465.317314 
 Sum of electronic and thermal Enthalpies=            -465.316369 
 Sum of electronic and thermal Free Energies=         -465.363221 
 
0 1 
 C                  2.16511500    1.25257500    0.08694400 
 C                  3.35027900    0.57892800   -0.06917800 
 C                  0.88867700    0.72422500    0.11303600 
 C                  3.26041000   -0.82838200   -0.22302600 
 C                 -0.30562400    1.65508800    0.29798600 
 C                  1.99795000   -1.36542400   -0.19833400 
 C                 -1.59044800    1.24540300   -0.44047600 
 C                  0.79792900   -0.69883500   -0.04152300 
 C                 -1.60384600   -0.94833900    0.89338500 
 C                 -0.50704500   -1.48816100   -0.04180100 
 C                 -2.44910600    0.20218800    0.30089800 
 H                  4.15843200   -1.42714900   -0.35068600 
 H                  0.00783300    2.64829900   -0.04131700 
 H                 -0.52051600    1.76742500    1.37140600 
 H                 -1.32555100    0.87049200   -1.43869000 
 H                 -2.20390200    2.13969000   -0.61043400 
 H                 -1.13438500   -0.62330300    1.83023300 
 H                 -2.27704000   -1.77158300    1.16543600 
 H                 -0.89220600   -1.55707800   -1.06960700 
 H                 -0.26020200   -2.51634300    0.24368000 
 H                 -2.92874800    0.71439900    1.14859600 
 H                  4.31792400    1.07371400   -0.08002800 
 C                 -3.56675100   -0.32117700   -0.61338100 
 H                 -4.25637600   -0.97393100   -0.06537700 
 H                 -4.15137500    0.50457200   -1.03662600 
 H                 -3.15912400   -0.89773800   -1.45375300 
 
 
 S25 
     
 
R-14CS2eq 
 
0 imaginary freq 
 
Zero-point correction=                           0.224622 (Hartree/Particle) 
 Thermal correction to Energy=                    0.235646 
 Thermal correction to Enthalpy=                  0.236590 
 Thermal correction to Gibbs Free Energy=         0.188395 
 Sum of electronic and zero-point Energies=           -465.336470 
 Sum of electronic and thermal Energies=              -465.325446 
 Sum of electronic and thermal Enthalpies=            -465.324502 
 Sum of electronic and thermal Free Energies=         -465.372697 
 
0 1 
 C                 -1.78952400    1.39867900   -0.00078200 
 C                 -3.00964100    0.67887800    0.03324000 
 C                 -0.65553600    1.83302700   -0.03076700 
 C                 -3.00883100   -0.68141000    0.03281800 
 C                  0.72600100    2.30049500   -0.08621000 
 C                 -1.78789300   -1.39982300   -0.00136900 
 C                  1.73200600    1.31918300   -0.74648300 
 C                 -0.65349000   -1.83309800   -0.03136300 
 C                  1.73478300   -1.31869400   -0.74529800 
 C                  0.72831000   -2.29994000   -0.08565800 
 C                  2.14686300    0.00099600    0.00075200 
 H                 -3.95091600   -1.22407700    0.05746100 
 H                  1.06649000    2.55948100    0.92566500 
 H                  0.76502800    3.23974100   -0.65622900 
 H                  1.35345500    1.07159000   -1.74471000 
 H                  2.64265900    1.90938600   -0.91031500 
 H                  1.35822400   -1.07293100   -1.74473700 
 H                  2.64629100   -1.90837900   -0.90624500 
 H                  1.06798000   -2.55839900    0.92663100 
 H                  0.76820100   -3.23940900   -0.65525000 
 H                  3.24326900    0.00211100   -0.04650200 
 H                 -3.95236400    1.22042000    0.05820000 
 C                  1.80471500    0.00117300    1.49933700 
 H                  2.23129800   -0.87769800    1.99640300 
 H                  2.22929900    0.88135400    1.99578900 
 H                  0.72450700    0.00000900    1.67453000 
 
 
 S26 
 
 
TS-14CS2eq 
 
1 imaginary frequency 
 
Zero-point correction=                           0.222725 (Hartree/Particle) 
 Thermal correction to Energy=                    0.233466 
 Thermal correction to Enthalpy=                  0.234410 
 Thermal correction to Gibbs Free Energy=         0.186899 
 Sum of electronic and zero-point Energies=           -465.293966 
 Sum of electronic and thermal Energies=              -465.283225 
 Sum of electronic and thermal Enthalpies=            -465.282281 
 Sum of electronic and thermal Free Energies=         -465.329792 
 
0 1 
 C                  2.04553800    1.36645300   -0.05432400 
 C                  3.24953600    0.70010100    0.16002000 
 C                  0.84552000    0.98129300   -0.27106600 
 C                  3.24953600   -0.70010100    0.16002000 
 C                 -0.52491800    1.52219900   -0.50512800 
 C                  2.04553800   -1.36645300   -0.05432500 
 C                 -1.53127200    1.29876300    0.65166600 
 C                  0.84552000   -0.98129300   -0.27106700 
 C                 -1.53127200   -1.29876300    0.65166600 
 C                 -0.52491800   -1.52219900   -0.50512800 
 C                 -2.36360800    0.00000000    0.60733700 
 H                  4.18873400   -1.21571100    0.33318800 
 H                 -0.93459200    1.13510000   -1.44641000 
 H                 -0.39810000    2.59900700   -0.65779300 
 H                 -0.98553900    1.35628400    1.60096400 
 H                 -2.23564400    2.14127800    0.64868100 
 H                 -0.98553700   -1.35628200    1.60096500 
 H                 -2.23564300   -2.14127800    0.64868400 
 H                 -0.93459200   -1.13510000   -1.44640900 
 H                 -0.39810000   -2.59900700   -0.65779300 
 H                 -2.96183600    0.00000000    1.53061700 
 H                  4.18873400    1.21571100    0.33318800 
 C                 -3.37048800   -0.00000100   -0.55668100 
 H                 -4.01553000   -0.88559900   -0.51315600 
 H                 -4.01553300    0.88559600   -0.51315500 
 H                 -2.88508100    0.00000100   -1.53951800 
 
 S27 
 
 
P-14CS2eq 
 
0 imaginary freq 
 
Zero-point correction=                           0.225883 (Hartree/Particle) 
 Thermal correction to Energy=                    0.236191 
 Thermal correction to Enthalpy=                  0.237135 
 Thermal correction to Gibbs Free Energy=         0.190597 
 Sum of electronic and zero-point Energies=           -465.330613 
 Sum of electronic and thermal Energies=              -465.320305 
 Sum of electronic and thermal Enthalpies=            -465.319361 
 Sum of electronic and thermal Free Energies=         -465.365899 
 
0 1 
 C                  2.01911600    1.32625400   -0.05849000 
 C                  3.23329400    0.70867500    0.12809400 
 C                  0.79810400    0.71678500   -0.24831800 
 C                  3.23329400   -0.70867500    0.12809500 
 C                 -0.47930000    1.51415400   -0.43929300 
 C                  2.01911600   -1.32625400   -0.05849000 
 C                 -1.54076300    1.29653800    0.66151100 
 C                  0.79810400   -0.71678500   -0.24831900 
 C                 -1.54076300   -1.29653800    0.66151000 
 C                 -0.47930000   -1.51415400   -0.43929400 
 C                 -2.37537100    0.00000000    0.57276400 
 H                  4.16066600   -1.25660600    0.27276200 
 H                 -0.91127500    1.28906100   -1.42424500 
 H                 -0.21061400    2.57514200   -0.46342600 
 H                 -1.04159700    1.34143100    1.63844900 
 H                 -2.23795900    2.14513900    0.63270400 
 H                 -1.04159700   -1.34143100    1.63844900 
 H                 -2.23795900   -2.14513900    0.63270400 
 H                 -0.91127500   -1.28906000   -1.42424500 
 H                 -0.21061400   -2.57514200   -0.46342700 
 H                 -3.02240000    0.00000000    1.46269900 
 H                  4.16066600    1.25660600    0.27276100 
 C                 -3.31717200    0.00000000   -0.64413000 
 H                 -3.96385000   -0.88558200   -0.63535000 
 H                 -3.96385000    0.88558200   -0.63535000 
 H                 -2.77849200    0.00000000   -1.59832900 
 
 
 S28 
 
 
R-14CS2ax 
 
0 imaginary freq 
 
Zero-point correction=                           0.224593 (Hartree/Particle) 
 Thermal correction to Energy=                    0.236337 
 Thermal correction to Enthalpy=                  0.237281 
 Thermal correction to Gibbs Free Energy=         0.187483 
 Sum of electronic and zero-point Energies=           -465.348477 
 Sum of electronic and thermal Energies=              -465.336733 
 Sum of electronic and thermal Enthalpies=            -465.335789 
 Sum of electronic and thermal Free Energies=         -465.385586 
 
0 1 
 C                  1.79654300   -1.43643300    0.07410200 
 C                  2.99342400   -0.68026400    0.15753000 
 C                  0.71176900   -1.97907600   -0.00402400 
 C                  2.99336500    0.68024700    0.15745300 
 C                 -0.68184500   -2.41563000   -0.12169100 
 C                  1.79644700    1.43634000    0.07395300 
 C                 -1.56182100   -1.29562800   -0.73981400 
 C                  0.71181800    1.97928200   -0.00407800 
 C                 -1.56181700    1.29562200   -0.73975600 
 C                 -0.68187600    2.41565000   -0.12158600 
 C                 -1.58473600   -0.00003100    0.11281700 
 H                  3.94268400    1.20810600    0.21948800 
 H                 -1.06721000   -2.69188700    0.87108500 
 H                 -0.75236700   -3.32281300   -0.73669900 
 H                 -1.16556700   -1.08224900   -1.73903900 
 H                 -2.57882700   -1.68676300   -0.88074000 
 H                 -1.16560000    1.08231800   -1.73901300 
 H                 -2.57883500    1.68673800   -0.88063200 
 H                 -1.06718000    2.69176100    0.87125400 
 H                 -0.75254900    3.32289400   -0.73648200 
 H                  3.94278700   -1.20803200    0.21963500 
 C                 -2.75327800   -0.00005300    1.11046800 
 H                 -2.72643200   -0.88309900    1.76070500 
 H                 -2.72642300    0.88297200    1.76073200 
 H                 -3.71886300   -0.00004000    0.58795600 
 H                 -0.65357300   -0.00006200    0.68950000 
 
 
 S29 
 
 
TS-14CS2ax 
 
1 imaginary frequency 
 
Zero-point correction=                           0.222469 (Hartree/Particle) 
 Thermal correction to Energy=                    0.233274 
 Thermal correction to Enthalpy=                  0.234218 
 Thermal correction to Gibbs Free Energy=         0.186507 
 Sum of electronic and zero-point Energies=           -465.297275 
 Sum of electronic and thermal Energies=              -465.286471 
 Sum of electronic and thermal Enthalpies=            -465.285526 
 Sum of electronic and thermal Free Energies=         -465.333238 
 
0 1 
 C                  2.07110700   -1.36654500   -0.08330200 
 C                  3.21805700   -0.70024000   -0.50678600 
 C                  0.92835400   -0.98135100    0.34212500 
 C                  3.21805700    0.70024000   -0.50678600 
 C                 -0.37970300   -1.51998300    0.81222500 
 C                  2.07110600    1.36654400   -0.08330200 
 C                 -1.57972600   -1.29780200   -0.14083100 
 C                  0.92835300    0.98135100    0.34212500 
 C                 -1.57972700    1.29780200   -0.14083000 
 C                 -0.37970400    1.51998300    0.81222500 
 C                 -2.37907900    0.00000000    0.07267500 
 H                  4.11241500    1.21565700   -0.84204000 
 H                 -0.62491400   -1.12717600    1.80838500 
 H                 -0.22784300   -2.59640500    0.94387800 
 H                 -1.23005500   -1.35907600   -1.17943300 
 H                 -2.27285500   -2.13766000    0.00112600 
 H                 -1.23005700    1.35907800   -1.17943300 
 H                 -2.27285600    2.13765900    0.00112800 
 H                 -0.62491400    1.12717600    1.80838500 
 H                 -0.22784400    2.59640600    0.94387800 
 H                  4.11241500   -1.21565600   -0.84203900 
 C                 -3.62815900    0.00000000   -0.82249800 
 H                 -4.24800500   -0.88600200   -0.64139000 
 H                 -4.24800600    0.88600000   -0.64138900 
 H                 -3.35040000    0.00000000   -1.88430600 
 H                 -2.72069500   -0.00000100    1.12100900 
 
 
 S30 
 
 
P-14CS2ax 
0 imaginary freq 
 
Zero-point correction=                           0.225594 (Hartree/Particle) 
 Thermal correction to Energy=                    0.235975 
 Thermal correction to Enthalpy=                  0.236919 
 Thermal correction to Gibbs Free Energy=         0.190181 
 Sum of electronic and zero-point Energies=           -465.334076 
 Sum of electronic and thermal Energies=              -465.323695 
 Sum of electronic and thermal Enthalpies=            -465.322751 
 Sum of electronic and thermal Free Energies=         -465.369488 
 
0 1 
 C                 -2.05685400    1.32686200   -0.07452000 
 C                 -3.21842200    0.70879000   -0.47308400 
 C                 -0.88909600    0.71667400    0.32852900 
 C                 -3.21834800   -0.70882400   -0.47325600 
 C                  0.33649000    1.50873000    0.74144100 
 C                 -2.05680200   -1.32687200   -0.07458800 
 C                  1.57661100    1.29558700   -0.15291800 
 C                 -0.88912000   -0.71666000    0.32864500 
 C                  1.57658400   -1.29557100   -0.15287200 
 C                  0.33649000   -1.50869400    0.74153300 
 C                  2.37056100    0.00000400    0.09953200 
 H                 -4.10566100   -1.25646100   -0.77976100 
 H                  0.60048100    1.26830400    1.78220300 
 H                  0.06881000    2.57020600    0.73115200 
 H                  1.27329900    1.34539100   -1.20813300 
 H                  2.25760000    2.14184300    0.01131400 
 H                  1.27323900   -1.34538800   -1.20807700 
 H                  2.25757100   -2.14183100    0.01134800 
 H                  0.60051100   -1.26824200    1.78228100 
 H                  0.06881800   -2.57017200    0.73127800 
 H                 -4.10578100    1.25640800   -0.77948900 
 C                  3.66084900   -0.00002300   -0.73492700 
 H                  4.27150800    0.88605700   -0.52483500 
 H                  4.27148400   -0.88611400   -0.52481100 
 H                  3.43403600   -0.00003500   -1.80891300 
 H                  2.66043700    0.00001900    1.16335000 
 
 
 S31 
 
 
R-14C1eq 
0 imaginary frequencies 
 
Zero-point correction=                           0.225000 (Hartree/Particle) 
 Thermal correction to Energy=                    0.236619 
 Thermal correction to Enthalpy=                  0.237563 
 Thermal correction to Gibbs Free Energy=         0.188570 
 Sum of electronic and zero-point Energies=           -465.336682 
 Sum of electronic and thermal Energies=              -465.325063 
 Sum of electronic and thermal Enthalpies=            -465.324119 
 Sum of electronic and thermal Free Energies=         -465.373112 
 
0 1 
 C                 -1.97077700    1.12781500   -0.06359700 
 C                 -2.96043700    0.14038600    0.17547900 
 C                 -0.97381700    1.79104500   -0.27033400 
 C                 -2.63923200   -1.18292300    0.15978500 
 C                  0.35516400    2.32272000   -0.57948600 
 C                 -1.31479400   -1.62221600   -0.10077300 
 C                 -0.13943800   -1.83480600   -0.32704100 
 H                 -3.41397100   -1.92275100    0.34907100 
 H                  0.71374800    2.98947000    0.21625600 
 H                  0.30510500    2.93985700   -1.48741500 
 H                 -3.98635000    0.44011800    0.37641200 
 C                  1.35093500    1.15424500   -0.82633300 
 H                  0.83934400    0.45786200   -1.49651500 
 H                  2.20657000    1.55022200   -1.38918700 
 C                  1.89888900    0.40328100    0.42605900 
 H                  2.84804900    0.89634500    0.68310300 
 C                  1.27465500   -1.95672800   -0.68626700 
 H                  1.36443200   -1.72283000   -1.75655800 
 H                  1.60159700   -3.00087900   -0.58986400 
 C                  2.28192100   -1.07018300    0.10924400 
 H                  2.50483600   -1.56707700    1.06140100 
 H                  3.21554200   -1.08984300   -0.46878100 
 C                  1.04729200    0.48144000    1.70895700 
 H                  0.81640100    1.51668400    1.98122100 
 H                  0.10553000   -0.06016600    1.62583500 
 H                  1.61699500    0.04853000    2.54086600 
 
 S32 
 
 
R-14C1ax 
 
0 imaginary freq 
 
Zero-point correction=                           0.224567 (Hartree/Particle) 
 Thermal correction to Energy=                    0.236293 
 Thermal correction to Enthalpy=                  0.237237 
 Thermal correction to Gibbs Free Energy=         0.187782 
 Sum of electronic and zero-point Energies=           -465.349158 
 Sum of electronic and thermal Energies=              -465.337432 
 Sum of electronic and thermal Enthalpies=            -465.336488 
 Sum of electronic and thermal Free Energies=         -465.385943 
 
0 1 
 C                  1.83391000   -1.42056300    0.06147000 
 C                  2.98517200   -0.66960500    0.41140300 
 C                  0.75711300   -1.88374700   -0.25917500 
 C                  2.95321800    0.69134300    0.41736600 
 C                 -0.61971500   -2.19106000   -0.65110600 
 C                  1.77372700    1.39934600    0.06969600 
 C                  0.69445900    1.84753900   -0.26399500 
 H                  3.84738600    1.24729800    0.69022400 
 H                 -1.10918800   -2.80042700    0.12164100 
 H                 -0.62976900   -2.79980900   -1.56561400 
 H                  3.90311200   -1.18669200    0.68108400 
 C                 -1.41863600   -0.87984200   -0.89526900 
 H                 -0.88887900   -0.32064100   -1.67395700 
 H                 -2.40499600   -1.13967200   -1.30475900 
 C                 -1.58511500   -0.01469000    0.37484800 
 C                 -0.65531800    2.20422300   -0.70283600 
 H                 -0.74274700    1.95942100   -1.77083300 
 H                 -0.81402200    3.28870700   -0.63494200 
 C                 -1.78606200    1.48872000    0.09023100 
 H                 -1.90003700    1.99630600    1.05670300 
 H                 -2.72589700    1.65121300   -0.45647300 
 C                 -2.73145000   -0.53602500    1.25638900 
 H                 -2.79062500    0.01890400    2.20008500 
 H                 -3.69976200   -0.43473800    0.74854200 
 H                 -2.59905200   -1.59469400    1.50800200 
 H                 -0.65334100   -0.09901200    0.94616000 
 
 S33 
 
R-15CS1 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.252440 (Hartree/Particle) 
 Thermal correction to Energy=                    0.265470 
 Thermal correction to Enthalpy=                  0.266415 
 Thermal correction to Gibbs Free Energy=         0.214652 
 Sum of electronic and zero-point Energies=           -504.614048 
 Sum of electronic and thermal Energies=              -504.601018 
 Sum of electronic and thermal Enthalpies=            -504.600074 
 Sum of electronic and thermal Free Energies=         -504.651837 
 
0 1 
 C                 -3.12757600   -0.68297500    0.57449200 
 H                 -3.96742400   -1.22626300    0.99988200 
 C                 -3.12755000    0.68298000    0.57451000 
 H                 -3.96737400    1.22628800    0.99992300 
 C                 -2.02485300    1.37831900    0.01236600 
 C                 -2.02490600   -1.37833400    0.01231500 
 C                 -0.95358300   -1.61645800   -0.51200800 
 C                 -0.95358400    1.61650300   -0.51203700 
 C                  1.76186800   -0.00001400    0.37322800 
 C                  0.32189600    1.71314200   -1.21857300 
 H                  0.24386000    1.08993100   -2.12115200 
 H                  0.47530200    2.73759100   -1.58614300 
 C                  1.60873100    1.32732400   -0.43386700 
 H                  2.42075300    1.36972300   -1.17373800 
 H                  1.81040400    2.13955600    0.27664200 
 C                  1.60873200   -1.32729600   -0.43395600 
 H                  2.42071700   -1.36962000   -1.17387200 
 H                  1.81046500   -2.13957100    0.27648700 
 C                  0.32185900   -1.71309300   -1.21861000 
 H                  0.24377900   -1.08986300   -2.12117100 
 H                  0.47523900   -2.73753700   -1.58620700 
 C                  3.23573000   -0.00002900    0.85864700 
 H                  3.44512600   -0.88460400    1.47174800 
 H                  3.94034700   -0.00001900    0.01755900 
 H                  3.44513500    0.88452200    1.47177800 
 C                  0.88295800   -0.00005600    1.64293200 
 H                 -0.18229400   -0.00003600    1.42568800 
 H                  1.10380800   -0.88517800    2.25293900 
 H                  1.10382700    0.88501400    2.25300800 
 S34 
 H                  0.91261463    0.47503583   -3.28693336 
 C                  0.55594179   -0.02936236   -4.16058487 
 H                  0.91259621   -1.03817236   -4.16058487 
 H                  0.91261463    0.47503583   -5.03423637 
 H                 -0.51405821   -0.02934917   -4.16058487 
 
 
 
 
TS-15CS1 
 
1 imaginary frequency 
 
Zero-point correction=                           0.250870 (Hartree/Particle) 
 Thermal correction to Energy=                    0.262877 
 Thermal correction to Enthalpy=                  0.263821 
 Thermal correction to Gibbs Free Energy=         0.213879 
 Sum of electronic and zero-point Energies=           -504.574217 
 Sum of electronic and thermal Energies=              -504.562210 
 Sum of electronic and thermal Enthalpies=            -504.561266 
 Sum of electronic and thermal Free Energies=         -504.611208 
 
0 1 
 C                 -3.15230200   -0.70096900    0.62046700 
 H                 -3.99535500   -1.21486800    1.07122400 
 C                 -3.15233600    0.70096100    0.62041900 
 H                 -3.99541200    1.21485100    1.07114400 
 C                 -2.07851600    1.36972100    0.03795100 
 C                 -2.07845000   -1.36972300    0.03804400 
 C                 -1.00772100   -0.97024900   -0.53971100 
 C                 -1.00776500    0.97030100   -0.53978700 
 C                  1.86541000    0.00001900    0.35996200 
 C                  0.23041500    1.46081300   -1.20492100 
 H                  0.32628000    0.98714100   -2.18844800 
 H                  0.08134000    2.52718400   -1.40785500 
 C                  1.56592300    1.30640000   -0.42880700 
 H                  2.36521700    1.46691000   -1.16533400 
 H                  1.64369000    2.13614700    0.28521500 
 C                  1.56614100   -1.30610200   -0.42931400 
 H                  2.36522900   -1.46589800   -1.16622000 
 H                  1.64460100   -2.13613300    0.28430000 
 C                  0.23036600   -1.46086300   -1.20496000 
 H                  0.32589000   -0.98754600   -2.18869600 
 S35 
 H                  0.08129000   -2.52731300   -1.40746800 
 C                  3.38060200    0.00005400    0.66804500 
 H                  3.66207300   -0.88509400    1.25149300 
 H                  3.97833600    0.00041800   -0.25181600 
 H                  3.66190700    0.88486300    1.25208600 
 C                  1.13304500   -0.00028900    1.72307000 
 H                  0.04723600   -0.00004600    1.62811400 
 H                  1.41922700   -0.88570700    2.30448100 
 H                  1.41957300    0.88465000    2.30503800 
 
 
 
 
P-15CS1 
 
0 imaginary frequency 
 
Zero-point correction=                           0.253505 (Hartree/Particle) 
 Thermal correction to Energy=                    0.264651 
 Thermal correction to Enthalpy=                  0.265595 
 Thermal correction to Gibbs Free Energy=         0.217051 
 Sum of electronic and zero-point Energies=           -504.603082 
 Sum of electronic and thermal Energies=              -504.591937 
 Sum of electronic and thermal Enthalpies=            -504.590993 
 Sum of electronic and thermal Free Energies=         -504.639536 
 
0 1 
 C                 -3.13676700   -0.70927900    0.60727100 
 H                 -3.96911100   -1.25302400    1.04615000 
 C                 -3.13677900    0.70926900    0.60725800 
 H                 -3.96912900    1.25300900    1.04613000 
 C                 -2.05257800    1.33315500    0.03501900 
 C                 -2.05256500   -1.33315800    0.03502700 
 C                 -0.96460100   -0.71834500   -0.53832100 
 C                 -0.96460300    0.71834800   -0.53831600 
 C                  1.86195700    0.00000000    0.35308900 
 C                  0.20195400    1.44709000   -1.17156900 
 H                  0.30786200    1.08293600   -2.20206400 
 H                 -0.04308500    2.51066800   -1.25302100 
 C                  1.57110200    1.30062000   -0.44820200 
 H                  2.35420700    1.43427400   -1.20674700 
 H                  1.68918200    2.13720100    0.25241100 
 C                  1.57111200   -1.30060000   -0.44824100 
 H                  2.35420500   -1.43421100   -1.20680500 
 S36 
 H                  1.68922500   -2.13720100    0.25234200 
 C                  0.20195300   -1.44707900   -1.17158700 
 H                  0.30784400   -1.08292500   -2.20208400 
 H                 -0.04308000   -2.51065900   -1.25303600 
 C                  3.37428200   -0.00000300    0.67298800 
 H                  3.64969900    0.88502600    1.25976000 
 H                  3.64969300   -0.88502400    1.25977500 
 H                  3.98122000   -0.00001400   -0.24080500 
 C                  1.08682000   -0.00001700    1.71271700 
 H                  0.44341100    0.87697300    1.82399400 
 H                  0.44377400   -0.87725200    1.82417200 
 H                  1.78635700    0.00021400    2.55704300 
 
 
 
R-15C2 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.252033 (Hartree/Particle) 
 Thermal correction to Energy=                    0.264469 
 Thermal correction to Enthalpy=                  0.265414 
 Thermal correction to Gibbs Free Energy=         0.214803 
 Sum of electronic and zero-point Energies=           -504.625075 
 Sum of electronic and thermal Energies=              -504.612638 
 Sum of electronic and thermal Enthalpies=            -504.611694 
 Sum of electronic and thermal Free Energies=         -504.662305 
 
0 1 
 C                 -2.24742200   -1.38599100    0.06845700 
 C                 -3.47669300   -0.67971800    0.04248800 
 C                 -1.08924200   -1.75338600    0.05722500 
 C                 -3.47688700    0.67934300   -0.04206700 
 C                  0.32179600   -2.10432300   -0.08082600 
 C                 -2.24779700    1.38591400   -0.06847600 
 C                  1.16136300   -1.01931800   -0.83042800 
 C                 -1.08966400    1.75347000   -0.05767400 
 C                  1.16102500    1.01984000    0.83004200 
 C                  0.32140900    2.10445800    0.07987300 
 C                  1.99383700    0.00011300    0.00012400 
 H                 -4.41798100    1.22287400   -0.07488100 
 H                  0.39571000   -3.04646100   -0.64126600 
 H                  0.75743700   -2.32141100    0.90284700 
 H                  0.49645700   -0.47903500   -1.51355500 
 S37 
 H                  1.87984300   -1.55502300   -1.46479000 
 H                  0.49600300    0.47972900    1.51318700 
 H                  1.87926100    1.55584100    1.46443000 
 H                  0.75682900    2.32088500   -0.90403100 
 H                  0.39547500    3.04696700    0.63966300 
 H                 -4.41763300   -1.22350000    0.07557000 
 C                  2.90711800   -0.74934500    0.99617500 
 H                  3.46512800   -1.54998100    0.49505700 
 H                  3.63795200   -0.06362500    1.44114200 
 H                  2.34156200   -1.19782000    1.82080600 
 C                  2.90850000    0.74902900   -0.99509400 
 H                  3.46604600    1.54974000   -0.49358000 
 H                  3.63976100    0.06300600   -1.43889500 
 H                  2.34409100    1.19729300   -1.82061500 
 
 
 
TS-15C2 
 
1 imaginary frequency 
 
Zero-point correction=                           0.250188 (Hartree/Particle) 
 Thermal correction to Energy=                    0.262397 
 Thermal correction to Enthalpy=                  0.263342 
 Thermal correction to Gibbs Free Energy=         0.212809 
 Sum of electronic and zero-point Energies=           -504.574875 
 Sum of electronic and thermal Energies=              -504.562665 
 Sum of electronic and thermal Enthalpies=            -504.561721 
 Sum of electronic and thermal Free Energies=         -504.612254 
 
0 1 
 C                  2.39283500    1.36020200   -0.04609600 
 C                  3.61670700    0.69900300   -0.02084500 
 C                  1.16447900    0.99330500   -0.02692700 
 C                  3.61671500   -0.69900000    0.02086800 
 C                 -0.17975100    1.65802500   -0.00169400 
 C                  2.39284900   -1.36019900    0.04611900 
 C                 -1.32112300    0.99483600   -0.79802000 
 C                  1.16449000   -0.99332500    0.02689400 
 C                 -1.32108900   -0.99482800    0.79801800 
 C                 -0.17975000   -1.65801600    0.00163000 
 C                 -2.19863700   -0.00000300    0.00000900 
 H                  4.56966700   -1.21830400    0.03405000 
 H                 -0.01068300    2.66435700   -0.39903200 
 H                 -0.48749600    1.80523400    1.04230000 
 S38 
 H                 -0.89593300    0.49752900   -1.67822200 
 H                 -1.97607900    1.78483900   -1.18797700 
 H                 -0.89585100   -0.49749600    1.67818300 
 H                 -1.97602300   -1.78482400    1.18802700 
 H                 -0.48751600   -1.80513000   -1.04237000 
 H                 -0.01070800   -2.66438300    0.39888800 
 H                  4.56965700    1.21831200   -0.03400600 
 C                 -3.10331300    0.75800700    0.99232200 
 H                 -3.79207700    1.42904500    0.46467200 
 H                 -3.70713800    0.05666400    1.58111000 
 H                 -2.52350800    1.36214800    1.69991700 
 C                 -3.10333200   -0.75802100   -0.99227800 
 H                 -3.79209900   -1.42904000   -0.46460700 
 H                 -3.70715500   -0.05668400   -1.58107600 
 H                 -2.52354100   -1.36218500   -1.69986600 
 
 
 
 
P-15C2 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.253420 (Hartree/Particle) 
 Thermal correction to Energy=                    0.265142 
 Thermal correction to Enthalpy=                  0.266086 
 Thermal correction to Gibbs Free Energy=         0.216704 
 Sum of electronic and zero-point Energies=           -504.613076 
 Sum of electronic and thermal Energies=              -504.601355 
 Sum of electronic and thermal Enthalpies=            -504.600410 
 Sum of electronic and thermal Free Energies=         -504.649793 
 
0 1 
 C                  2.37408400    1.31932200   -0.02136900 
 C                  3.60305200    0.70921500   -0.01148200 
 C                  1.13071700    0.71664700   -0.01201700 
 C                  3.60305200   -0.70921500    0.01148300 
 C                 -0.12487600    1.58184600   -0.02257800 
 C                  2.37408400   -1.31932200    0.02136900 
 C                 -1.32770100    1.00506700   -0.78928300 
 C                  1.13071700   -0.71664800    0.01201400 
 C                 -1.32770000   -1.00506600    0.78928400 
 C                 -0.12487600   -1.58184700    0.02257900 
 C                 -2.20542500    0.00000000    0.00000000 
 S39 
 H                  4.53983900   -1.26019900    0.02168300 
 H                  0.15413300    2.54458200   -0.46428500 
 H                 -0.41474700    1.81275700    1.01244000 
 H                 -0.96059800    0.53123600   -1.70918900 
 H                 -1.96919200    1.83404500   -1.11672900 
 H                 -0.96059600   -0.53123200    1.70918800 
 H                 -1.96919200   -1.83404200    1.11673300 
 H                 -0.41474700   -1.81276000   -1.01243900 
 H                  0.15413300   -2.54458200    0.46428700 
 H                  4.53983900    1.26019900   -0.02168000 
 C                 -3.10660700   -0.75169000   -0.99949000 
 H                 -3.81063200   -1.41173300   -0.47796600 
 H                 -3.69342600   -0.04749000   -1.60217600 
 H                 -2.52111300   -1.36729300   -1.69278500 
 C                 -3.10660700    0.75168900    0.99949000 
 H                 -3.81062800    1.41173700    0.47796600 
 H                 -3.69343200    0.04748900    1.60217100 
 H                 -2.52111300    1.36728700    1.69278900 
 
 
 
R-15CS2 
0 imaginary frequencies 
 
Zero-point correction=                           0.252610 (Hartree/Particle) 
 Thermal correction to Energy=                    0.264807 
 Thermal correction to Enthalpy=                  0.265751 
 Thermal correction to Gibbs Free Energy=         0.215395 
 Sum of electronic and zero-point Energies=           -504.619794 
 Sum of electronic and thermal Energies=              -504.607598 
 Sum of electronic and thermal Enthalpies=            -504.606654  
 Sum of electronic and thermal Free Energies=         -504.657009 
 
0 1 
 C                  2.11110900   -1.40127300   -0.00455600 
 C                  3.33032600   -0.67974400    0.03545900 
 C                  0.97887500   -1.83946200   -0.04411500 
 C                  3.32985900    0.68057300    0.03500100 
 C                 -0.40446400   -2.30302900   -0.10276600 
 C                  2.11020100    1.40135100   -0.00527400 
 C                 -1.40722100   -1.30771900   -0.74871400 
 C                  0.97787900    1.83936300   -0.04436600 
 C                 -1.40928200    1.30873300   -0.74751500 
 S40 
 C                 -0.40537200    2.30331800   -0.10226000 
 C                 -1.84544100   -0.00017900    0.02534700 
 H                  4.27238300    1.22229300    0.06379500 
 H                 -0.74301400   -2.58064000    0.90453000 
 H                 -0.44650800   -3.23140900   -0.69008800 
 H                 -1.01318600   -1.03661300   -1.73398600 
 H                 -2.31026500   -1.89968900   -0.94393100 
 H                 -1.01751900    1.03927800   -1.73415300 
 H                 -2.31287200    1.90087300   -0.93969100 
 H                 -0.74311500    2.58093300    0.90531000 
 H                 -0.44745300    3.23181700   -0.68939300 
 H                  4.27320900   -1.22081500    0.06463600 
 C                 -1.36641400   -0.00039800    1.49023800 
 H                 -1.74864300   -0.87964000    2.02179600 
 H                 -0.27640500    0.00055900    1.57201800 
 H                 -1.75024600    0.87769100    2.02254800 
 C                 -3.39440000   -0.00142800    0.04878900 
 H                 -3.78209000    0.88410300    0.56752300 
 H                 -3.80753400   -0.00055100   -0.96791900 
 H                 -3.78065800   -0.88882700    0.56539900 
 
 
 
TS-15CS2 
 
Zero-point correction=                           0.250498 (Hartree/Particle) 
 Thermal correction to Energy=                    0.262588 
 Thermal correction to Enthalpy=                  0.263532 
 Thermal correction to Gibbs Free Energy=         0.213415 
 Sum of electronic and zero-point Energies=           -504.579928 
 Sum of electronic and thermal Energies=              -504.567838 
 Sum of electronic and thermal Enthalpies=            -504.566894 
 Sum of electronic and thermal Free Energies=         -504.617012 
 
0 1 
 C                 -2.34040700   -1.36674600    0.03500500 
 C                 -3.51129100   -0.70043000    0.38696900 
 C                 -1.17447200   -0.98006400   -0.31972700 
 C                 -3.51127600    0.70027200    0.38693600 
 C                  0.16267800   -1.51189400   -0.70969500 
 C                 -2.34038900    1.36651300    0.03491600 
 C                  1.29222000   -1.29404600    0.32823200 
 C                 -1.17422900    0.98024800   -0.31946800 
 C                  1.29279200    1.29419700    0.32813700 
 S41 
 C                  0.16283600    1.51254600   -0.70927400 
 C                  2.13752200   -0.00012400    0.21819300 
 H                 -4.42479600    1.21529600    0.66648400 
 H                  0.46078000   -1.12097600   -1.68995400 
 H                  0.02403500   -2.58886900   -0.85103300 
 H                  0.85350900   -1.35890800    1.33149300 
 H                  1.98715600   -2.14055100    0.24284100 
 H                  0.85453400    1.35963200    1.33156300 
 H                  1.98811800    2.14032400    0.24214700 
 H                  0.46077800    1.12269600   -1.69002100 
 H                  0.02394600    2.58964600   -0.84938300 
 H                 -4.42486100   -1.21538900    0.66647700 
 C                  2.95306400   -0.00032100   -1.09206500 
 H                  3.59763300    0.88549600   -1.14624400 
 H                  3.59865300   -0.88545200   -1.14534300 
 H                  2.32527400   -0.00113400   -1.98956800 
 C                  3.13468800   -0.00028600    1.39646800 
 H                  3.78053800   -0.88636000    1.36693600 
 H                  3.78186000    0.88479700    1.36609900 
 H                  2.61042000    0.00056400    2.35974800 
 
 
 
P-15CS2 
 
Zero-point correction=                           0.253639 (Hartree/Particle) 
 Thermal correction to Energy=                    0.265298 
 Thermal correction to Enthalpy=                  0.266242 
 Thermal correction to Gibbs Free Energy=         0.217081 
 Sum of electronic and zero-point Energies=           -504.616627 
 Sum of electronic and thermal Energies=              -504.604968 
 Sum of electronic and thermal Enthalpies=            -504.604024 
 Sum of electronic and thermal Free Energies=         -504.653185 
 
0 1 
 C                 -2.32137200   -1.32715600    0.03140100 
 C                 -3.50560400   -0.70888600    0.35598900 
 C                 -1.13093300   -0.71641800   -0.29756000 
 C                 -3.50560400    0.70888600    0.35598900 
 C                  0.12035800   -1.50546600   -0.63251200 
 C                 -2.32137200    1.32715600    0.03140100 
 C                  1.29518900   -1.29223400    0.34740200 
 C                 -1.13093300    0.71641800   -0.29756000 
 C                  1.29518900    1.29223400    0.34740200 
 C                  0.12035800    1.50546600   -0.63251200 
 S42 
 C                  2.13863700    0.00000000    0.19456700 
 H                 -4.41080300    1.25612600    0.60563600 
 H                  0.43939500   -1.27539000   -1.65811000 
 H                 -0.14382200   -2.56789300   -0.63087600 
 H                  0.90241500   -1.34485700    1.37187000 
 H                  1.98084700   -2.14436600    0.23953200 
 H                  0.90241500    1.34485700    1.37187000 
 H                  1.98084700    2.14436600    0.23953200 
 H                  0.43939500    1.27539000   -1.65811000 
 H                 -0.14382200    2.56789300   -0.63087600 
 H                 -4.41080300   -1.25612600    0.60563600 
 C                  2.88609600    0.00000000   -1.15528700 
 H                  3.52776500    0.88551100   -1.24186800 
 H                  3.52776500   -0.88551100   -1.24186800 
 H                  2.21218900    0.00000000   -2.01827200 
 C                  3.19365700    0.00000000    1.32097400 
 H                  3.83787900   -0.88572500    1.25906900 
 H                  3.83787900    0.88572500    1.25906900 
 H                  2.71846400    0.00000000    2.30959600 
 
 
 
R-15C1 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.252805 (Hartree/Particle) 
 Thermal correction to Energy=                    0.265729 
 Thermal correction to Enthalpy=                  0.266673 
 Thermal correction to Gibbs Free Energy=         0.215171 
 Sum of electronic and zero-point Energies=           -504.621450 
 Sum of electronic and thermal Energies=              -504.608527 
 Sum of electronic and thermal Enthalpies=            -504.607583 
 Sum of electronic and thermal Free Energies=         -504.659084 
0 1 
 C                  2.07056700   -1.39416700   -0.02554900 
 C                  3.19451900   -0.59652000    0.31011400 
 C                  0.99120100   -1.86942700   -0.31820500 
 C                  3.10214700    0.76211400    0.32331900 
 C                 -0.38517300   -2.15041000   -0.73291700 
 C                  1.88979100    1.42647800   -0.00051200 
 C                  0.78262400    1.83769400   -0.28868700 
 H                  3.97609700    1.35449400    0.58528800 
 H                 -0.90771300   -2.76930000    0.00862400 
 S43 
 H                 -0.37695800   -2.74028500   -1.66006300 
 H                  4.13993600   -1.07164100    0.56136000 
 C                 -1.14558000   -0.81847400   -0.99950400 
 H                 -0.45601400   -0.18861900   -1.56657500 
 H                 -1.98503000   -1.03841700   -1.67236600 
 C                 -1.70670200   -0.04083200    0.23828300 
 C                 -0.56259400    2.20740000   -0.73368100 
 H                 -0.61288500    2.02374000   -1.81630800 
 H                 -0.71319600    3.28932000   -0.61762200 
 C                 -1.76756600    1.49370900   -0.04657400 
 H                 -1.96767700    1.99454800    0.90905200 
 H                 -2.63527700    1.70742200   -0.68560900 
 C                 -0.92020200   -0.27702600    1.54824800 
 H                 -0.88671800   -1.33931900    1.81332300 
 H                  0.10430000    0.08753200    1.49700600 
 H                 -1.42719400    0.24451700    2.36996700 
 C                 -3.15528800   -0.51806300    0.49154300 
 H                 -3.60660500    0.01522200    1.33721300 
 H                 -3.79166500   -0.35486300   -0.38706800 
 H                 -3.17985400   -1.58919400    0.72851700 
 
 
TS-15C1 
 
1 imaginary frequency 
 
Zero-point correction=                           0.250870 (Hartree/Particle) 
 Thermal correction to Energy=                    0.262877 
 Thermal correction to Enthalpy=                  0.263821 
 Thermal correction to Gibbs Free Energy=         0.213879 
 Sum of electronic and zero-point Energies=           -504.574217 
 Sum of electronic and thermal Energies=              -504.562210 
 Sum of electronic and thermal Enthalpies=            -504.561266 
 Sum of electronic and thermal Free Energies=         -504.611208 
 
0 1 
 C                 -3.15230200   -0.70096900    0.62046700 
 H                 -3.99535500   -1.21486800    1.07122400 
 C                 -3.15233600    0.70096100    0.62041900 
 H                 -3.99541200    1.21485100    1.07114400 
 C                 -2.07851600    1.36972100    0.03795100 
 C                 -2.07845000   -1.36972300    0.03804400 
 C                 -1.00772100   -0.97024900   -0.53971100 
 C                 -1.00776500    0.97030100   -0.53978700 
 C                  1.86541000    0.00001900    0.35996200 
 S44 
 C                  0.23041500    1.46081300   -1.20492100 
 H                  0.32628000    0.98714100   -2.18844800 
 H                  0.08134000    2.52718400   -1.40785500 
 C                  1.56592300    1.30640000   -0.42880700 
 H                  2.36521700    1.46691000   -1.16533400 
 H                  1.64369000    2.13614700    0.28521500 
 C                  1.56614100   -1.30610200   -0.42931400 
 H                  2.36522900   -1.46589800   -1.16622000 
 H                  1.64460100   -2.13613300    0.28430000 
 C                  0.23036600   -1.46086300   -1.20496000 
 H                  0.32589000   -0.98754600   -2.18869600 
 H                  0.08129000   -2.52731300   -1.40746800 
 C                  3.38060200    0.00005400    0.66804500 
 H                  3.66207300   -0.88509400    1.25149300 
 H                  3.97833600    0.00041800   -0.25181600 
 H                  3.66190700    0.88486300    1.25208600 
 C                  1.13304500   -0.00028900    1.72307000 
 H                  0.04723600   -0.00004600    1.62811400 
 H                  1.41922700   -0.88570700    2.30448100 
 H                  1.41957300    0.88465000    2.30503800 
 
 
 
 
P-15C1 
 
0 imaginary frequency 
 
Zero-point correction=                           0.253505 (Hartree/Particle) 
 Thermal correction to Energy=                    0.264651 
 Thermal correction to Enthalpy=                  0.265595 
 Thermal correction to Gibbs Free Energy=         0.217051 
 Sum of electronic and zero-point Energies=           -504.603082 
 Sum of electronic and thermal Energies=              -504.591937 
 Sum of electronic and thermal Enthalpies=            -504.590993 
 Sum of electronic and thermal Free Energies=         -504.639536 
 
0 1 
 C                 -3.13676700   -0.70927900    0.60727100 
 H                 -3.96911100   -1.25302400    1.04615000 
 C                 -3.13677900    0.70926900    0.60725800 
 H                 -3.96912900    1.25300900    1.04613000 
 C                 -2.05257800    1.33315500    0.03501900 
 C                 -2.05256500   -1.33315800    0.03502700 
 S45 
 C                 -0.96460100   -0.71834500   -0.53832100 
 C                 -0.96460300    0.71834800   -0.53831600 
 C                  1.86195700    0.00000000    0.35308900 
 C                  0.20195400    1.44709000   -1.17156900 
 H                  0.30786200    1.08293600   -2.20206400 
 H                 -0.04308500    2.51066800   -1.25302100 
 C                  1.57110200    1.30062000   -0.44820200 
 H                  2.35420700    1.43427400   -1.20674700 
 H                  1.68918200    2.13720100    0.25241100 
 C                  1.57111200   -1.30060000   -0.44824100 
 H                  2.35420500   -1.43421100   -1.20680500 
 H                  1.68922500   -2.13720100    0.25234200 
 C                  0.20195300   -1.44707900   -1.17158700 
 H                  0.30784400   -1.08292500   -2.20208400 
 H                 -0.04308000   -2.51065900   -1.25303600 
 C                  3.37428200   -0.00000300    0.67298800 
 H                  3.64969900    0.88502600    1.25976000 
 H                  3.64969300   -0.88502400    1.25977500 
 H                  3.98122000   -0.00001400   -0.24080500 
 C                  1.08682000   -0.00001700    1.71271700 
 H                  0.44341100    0.87697300    1.82399400 
 H                  0.44377400   -0.87725200    1.82417200 
 H                  1.78635700    0.00021400    2.55704300 
 
Qualitative Compound Report
P a g e  1  o f  7
Printed at: 2:29 PM on:10/11/2011
MS Spectrum
MS Zoomed Spectrum
Sample Type Sample Position P1-A3
Data File BAEGEG07A.d Sample Name MB1
Instrument Name Instrument 1 User Name
Acq Method Acquired Time
Comment EM=317.9619 EM=HC HC 
ESI Pos Small Molecule No 
HPLC.m modified
Compound Table FALSE
10/29/2010 9:56:48 AM
IRM Calibration Status Success DA Method HCEmpirical1.m
0.22
0.22
Cpd 1: C12H16Br2
Cpd 2: C12H15BrO
Compound Label
Cpd 4: C24H31Br3O3
Cpd 5: C24H31Br3O4
Cpd 6: C12H15Br3O
619.9771
411.8675
317.9612
254.0304
Cpd 3: C12H16Br2O2
RT
0.22
0.22
0.22
0.22
349.951
Abund
12261
12240
8594
5424
5710
14112
Mass
603.9812
349.9517
Formula
C24H31Br3O3
C24H31Br3O4
C12H15Br3O
C12H16Br2
C12H15BrO
Tgt Mass
603.9823
619.9772
411.8673
317.9619
254.0306
Diff 
(ppm)
-1.86
-0.24
0.6
-2.28
-0.78
-1.97
Compound Label
Cpd 4: C24H31Br3O3
RT
0.22
Algorithm
Find By Formula
Mass
603.9812
C12H16Br2O2
4x10
0
0
0
0
1
1
1
1
Counts vs. Mass-to-Charge (m/z)
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
Cpd 4: C24H31Br3O3: +ESI Scan (0.162-0.394 min, 29 scans) Frag=70.0V BAEGEG07A.d  Subtract 
279.1591
624.0129(M+NH4)+
4x10
0
0
0
0
0
1
1
Counts vs. Mass-to-Charge (m/z)
595 600 605 610 615 620 625 630 635 640 645 650
Cpd 4: C24H31Br3O3: +ESI Scan (0.162-0.394 min, 29 scans) Frag=70.0V BAEGEG07A.d  Subtract 
624.0129(M+NH4)+
Br
Br
CH3
Qualitative Compound Report
P a g e  2  o f  7
Printed at: 2:29 PM on:10/11/2011
z
1
1
1
1
1
1
1
MS Spectrum
MS Zoomed Spectrum
z
277.1775
279.0186
279.1591
280.1631
MS Spectrum Peak List
m/ z
275.0652
277.0194
626.0117
627.014
281.1649
283.2666
622.0116
623.0144
624.0129
625.0159
622.0162
623.0195
624.0142
625.0175
628.01
Calc m/ z
626.0124
627.0155
628.011
Diff(ppm)
-2.11
-2.58
-1.19
-2.49
-7.38
-8.19
Formula
-1.61
Abund
961
374
392
349
4439
1224
C24 H35 Br3 N O3
C24 H35 Br3 N O3
17933
3061
354
342
C24 H35 Br3 N O3
C24 H35 Br3 N O3
C24 H35 Br3 N O3
Ion
Compound Label
C24 H35 Br3 N O3
C24 H35 Br3 N O3
Mass
(M+NH4)+
(M+NH4)+
(M+NH4)+
(M+NH4)+
12345
3339
RT
0.22
Algorithm
Find By Formula
(M+NH4)+
(M+NH4)+
(M+NH4)+4244
12195
3241
619.9771
MS Spectrum Peak List
m/ z
275.0652
Formula
Cpd 5: C24H31Br3O4
Calc m/ z Diff(ppm) Abund
962
Ion
4x10
0
0
0
0
1
1
1
1
Counts vs. Mass-to-Charge (m/z)
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
Cpd 5: C24H31Br3O4: +ESI Scan (0.162-0.394 min, 29 scans) Frag=70.0V BAEGEG07A.d  Subtract 
279.1591
640.0091(M+NH4)+
4x10
0
0
0
0
0
1
1
Counts vs. Mass-to-Charge (m/z)
610 615 620 625 630 635 640 645 650 655 660 665 670 675
Cpd 5: C24H31Br3O4: +ESI Scan (0.162-0.394 min, 29 scans) Frag=70.0V BAEGEG07A.d  Subtract 
640.0091(M+NH4)+
Qualitative Compound Report
P a g e  3  o f  7
Printed at: 2:29 PM on:10/11/2011
z
1
1
1
1
1
1
1
1
MS Spectrum
MS Zoomed Spectrum
z
Calc m/ z Diff(ppm)
279.1591
280.1631
277.0194
277.1777
279.0185
m/ z
643.0092
644.0059
281.165
638.0108
639.0137
640.0091
638.0111
641.012
642.0071
639.0144
640.0091
641.0124
642.0073
646.9628
643.0104
644.0059
646.9627
-0.56
-0.41
-1.98
0
-0.37
-1.08
-0.03
381
394
354
617
3057
357
4777
C24 H35 Br3 N O4
C24 H35 Br3 N O4
17952
C24 H35 Br3 N O4
3268
4362
1329
12777
C24 H35 Br3 N O4
C24 H35 Br3 N O4
(M+NH4)+
C24 H31 Br3 Na O4
Compound Label
C24 H35 Br3 N O4
C24 H35 Br3 N O4
Mass
(M+NH4)+
(M+NH4)+
(M+NH4)+
(M+NH4)+
3352
12318
RT
0.22
Algorithm
Find By Formula
(M+NH4)+
(M+NH4)+
(M+Na)+0.18
411.8675
MS Spectrum Peak List
m/ z
275.0651
Diff(ppm) Formula
Cpd 6: C12H15Br3O
277.0193
277.1779
Calc m/ z Abund
856
351
360
Ion
Abund Formula Ion
4x10
0
0
0
0
0
1
1
1
1
Counts vs. Mass-to-Charge (m/z)
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
Cpd 6: C12H15Br3O: +ESI Scan (0.162-0.427 min, 33 scans) Frag=70.0V BAEGEG07A.d  Subtract 
279.1590
431.8990(M+NH4)+
3x10
0
2
4
6
8
Counts vs. Mass-to-Charge (m/z)
385 390 395 400 405 410 415 420 425 430 435 440 445 450 455 460
Cpd 6: C12H15Br3O: +ESI Scan (0.162-0.427 min, 33 scans) Frag=70.0V BAEGEG07A.d  Subtract 
431.8990(M+NH4)+
414.8717(M+H)+
Qualitative Compound Report
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z
1
1
1
1
1
1
1
1
1
1
MS Spectrum
MS Zoomed Spectrum
z
433.8978
412.8727
414.8717
415.8806
416.8703
279.159
280.1631
435.8952
415.8759
416.8706
417.8739
431.8991
434.8992
435.8976
417.8841
431.899
432.9005 432.9023
433.8971
434.9003
412.8746
414.8726
24.35
-0.19
-4.14
1.5
-4.56
-2.04
11.26
-0.55
-2.47
5.52
15864
3041
1375
3820
8616 C12 H19 Br3 N O
2697
C12 H16 Br3 O
C12 H16 Br3 O
C12 H16 Br3 O
1255
8430
3689
514
516
C12 H16 Br3 O
(M+H)+
(M+H)+
(M+H)+
C12 H19 Br3 N O
(M+NH4)+
(M+NH4)+
(M+NH4)+
Compound Label
(M+H)+
(M+H)+
(M+NH4)+
(M+NH4)+
1150
C12 H16 Br3 O
C12 H19 Br3 N O
C12 H19 Br3 N O
C12 H19 Br3 N O
Cpd 1: C12H16Br2
RT
0.22
Algorithm
Find By Formula
Mass
317.9612
276.0735
277.0196
277.1782
278.0371
MS Spectrum Peak List
m/ z
274.203
275.0652
Calc m/ z Diff(ppm)
1156
268
Formula
479
240
Abund
216
417
Ion
m/ z Calc m/ z Diff(ppm) Abund Formula Ion
4x10
0
0
1
1
2
Counts vs. Mass-to-Charge (m/z)
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
Cpd 1: C12H16Br2: +ESI Scan (0.170-0.352 min, 23 scans) Frag=70.0V BAEGEG07A.d  Subtract 
279.1591
4x10
0
0
0
0
0
1
Counts vs. Mass-to-Charge (m/z)
310 315 320 325 330 335 340 345 350 355 360 365
Cpd 1: C12H16Br2: +ESI Scan (0.170-0.352 min, 23 scans) Frag=70.0V BAEGEG07A.d  Subtract 
337.9930(M+NH4)+
Qualitative Compound Report
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z
1
MS Spectrum
MS Zoomed Spectrum
z
1
1
1
m/ z
280.1629
281.1656
282.2762
279.0189
279.1591
279.3071
280.0332
Calc m/ z
283.2666
337.993 337.9937 -2.14
Diff(ppm)
5477
FormulaAbund
483
3878
459
219
22191
395
229
383
Ion
Mass
(M+NH4)+C12 H20 Br2 N
Cpd 2: C12H15BrO
RT
0.22
Algorithm
Find By Formula
Compound Label
273.0639
274.0626
275.0651
276.0735
254.0304
MS Spectrum Peak List
m/ z
272.064
Abund
5734
277.0193
277.1776
278.0363
279.0181
Calc m/ z
272.0645
273.0677
274.0625
275.0657
276.0685
277.0198
Diff(ppm)
-1.77
-13.87
0.34
-2.25
18.37
-2.12
830
5773
805
180
334
331
162
320
Formula
C12 H19 Br N O
C12 H19 Br N O
C12 H19 Br N O
C12 H19 Br N O
C12 H19 Br N O
C12 H15 Br Na O
Ion
(M+NH4)+
(M+NH4)+
(M+NH4)+
(M+NH4)+
(M+NH4)+
(M+Na)+
4x10
0
0
0
0
0
1
1
1
Counts vs. Mass-to-Charge (m/z)
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
Cpd 2: C12H15BrO: +ESI Scan (0.162-0.444 min, 35 scans) Frag=70.0V BAEGEG07A.d  Subtract 
279.1590
4x10
0
0
0
0
0
1
1
1
Counts vs. Mass-to-Charge (m/z)
245 250 255 260 265 270 275 280 285 290 295 300 305
Cpd 2: C12H15BrO: +ESI Scan (0.162-0.444 min, 35 scans) Frag=70.0V BAEGEG07A.d  Subtract 
279.1590
274.0626(M+NH4)+
Qualitative Compound Report
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z
MS Spectrum
MS Zoomed Spectrum
z
1
1
1
1
279.159
m/ z
279.3097
280.1631
281.1646
282.2812
283.2651
Calc m/ z Diff(ppm)
15009
Abund
260
2540
315
247
269
Formula Ion
Formula
Cpd 3: C12H16Br2O2
RT
0.22
Algorithm
Find By Formula
Compound Label Mass
277.0192
277.1777
279.0175
279.159
349.951
MS Spectrum Peak List
m/ z
275.065
Diff(ppm)
369.983
370.9853
280.1631
281.1655
367.9838
368.983
Calc m/ z
367.9855
368.9888
369.9835
370.9867
2609
302
-1.46
-3.88
-4.77
-15.65
Abund
830
348
359
331
15361
7820
1145
14168
1997
C12 H20 Br2 N O2
C12 H20 Br2 N O2
(M+NH4)+
(M+NH4)+
C12 H20 Br2 N O2
C12 H20 Br2 N O2
(M+NH4)+
(M+NH4)+
Ion
4x10
0
0
0
0
0
1
1
1
Counts vs. Mass-to-Charge (m/z)
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
Cpd 3: C12H16Br2O2: +ESI Scan (0.162-0.435 min, 34 scans) Frag=70.0V BAEGEG07A.d  Subtract 
279.1590
4x10
0
0
0
0
0
1
1
1
Counts vs. Mass-to-Charge (m/z)
340 345 350 355 360 365 370 375 380 385 390 395 400
Cpd 3: C12H16Br2O2: +ESI Scan (0.162-0.435 min, 34 scans) Frag=70.0V BAEGEG07A.d  Subtract 
369.9830(M+NH4)+
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z
1
1
1
1
371.9813
372.9749
374.9382
376.9382
374.9389
376.937
371.9816
372.9848
-0.84
-26.5
6581
1026
(M+Na)+
(M+Na)+
C12 H20 Br2 N O2
C12 H20 Br2 N O2
--- End Of Report ---
m/ z Calc m/ z Diff(ppm)
C12 H16 Br2 Na O2
C12 H16 Br2 Na O2
1005
467
-1.95
3.15
Abund Formula
(M+NH4)+
(M+NH4)+
Ion
4x10 +ESI Scan (0.179-0.303 min, 16 scans) Frag=70.0V BAEGEG07A.d  Subtract 
   
Qualitative Compound Report
P a g e  1  o f  2
Printed at: 2:29 PM on:10/11/2011
MS Spectrum
MS Zoomed Spectrum
z
1
1
1
1
1
Ion
(M+H)+[-H2O]
(M+H)+[-H2O]
(M+H)+
(M+H)+
(M+H)+
(M+NH4)+
Formula
C12 H17 O
C12 H17 O
C12 H19 O2
C12 H19 O2
C12 H19 O2
C12 H22 N O2
Abund
1717
223
13747
1865
189
28327
Diff(ppm)
-3.46
-4.6
-2.4
-1.4
-21.65
-1.17
197.1439
212.1645
Calc m/ z
177.1274
178.1308
195.138
196.1414
MS Spectrum Peak List
m/ z
195.1375
196.1411
197.1396
212.1643
177.1268
178.13
Tgt Mass
194.1307
Abund
28234
Formula
C12H18O2
Mass
194.1304
Compound Label
Cpd 1: C12H18O2
RT
0.21
Algorithm
Find By Formula
Compound Label
Cpd 1: C12H18O2
RT
0.21
Diff 
(ppm)
-1.4
Mass
194.1304
10/28/2010 8:15:08 PM
IRM Calibration Status Success DA Method HCEmpirical1.m
Compound Table FALSE
User Name
Acq Method Acquired Time
Comment EM=194.1307 EM=HC HC 
ESI Pos Small Molecule No 
HPLC.m modified
Instrument Name Instrument 1
Sample Type Sample Position P1-A2
Data File BAEGEG06A.d Sample Name MD1
4x10
0
0
1
1
2
2
Counts vs. Mass-to-Charge (m/z)
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
Cpd 1: C12H18O2: +ESI Scan (0.168-0.408 min, 30 scans) Frag=70.0V BAEGEG06A.d  Subtract 
212.1643(M+NH4)+
4x10
0
0
1
1
2
2
Counts vs. Mass-to-Charge (m/z)
150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245
Cpd 1: C12H18O2: +ESI Scan (0.168-0.408 min, 30 scans) Frag=70.0V BAEGEG06A.d  Subtract 
212.1643(M+NH4)+
195.1375(M+H)+
177.1268(M+H)+[-H2O]
HO
HO
CH3
Qualitative Compound Report
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z
1 (M+Na)+
--- End Of Report ---
m/ z Calc m/ z Diff(ppm) Abund Formula Ion
(M+NH4)+
(M+NH4)+
(M+Na)+
C12 H22 N O2
C12 H18 Na O2733
4025
95
347
5343
110
90
C12 H22 N O2
C12 H18 Na O2
-3.12
583
149
218.1233
214.1703
217.1199
-1.81
-2.3
-1.22213.1678
212.3745
212.4711
213.1675
213.2987
218.1226
214.1699
217.1194
212.2973
212.344
Qualitative Compound Report
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Printed at: 2:29 PM on:10/11/2011
MS Spectrum
MS Zoomed Spectrum
z
1
1
1
1
1
Ion
(M+H)+[-H2O]
(M+H)+[-H2O]
(M+H)+
(M+H)+
(M+H)+
(M+NH4)+
Formula
C11 H15 O
C11 H15 O
C11 H17 O2
C11 H17 O2
C11 H17 O2
C11 H20 N O2
Abund
5052
618
33690
4097
369
49196
Diff(ppm)
-1.46
-0.84
-2.05
-2.43
5.07
-1.74
183.1282
198.1489
Calc m/ z
163.1117
164.1151
181.1223
182.1257
MS Spectrum Peak List
m/ z
181.1219
182.1253
183.1291
198.1485
163.1115
164.115
Tgt Mass
180.115
Abund
47984
Formula
C11H16O2
Mass
180.1147
Compound Label
Cpd 1: C11H16O2
RT
0.213
Algorithm
Find By Formula
Compound Label
Cpd 1: C11H16O2
RT
0.213
Diff 
(ppm)
-1.96
Mass
180.1147
10/28/2010 8:08:57 PM
IRM Calibration Status Success DA Method HCEmpirical1.m
Compound Table FALSE
User Name
Acq Method Acquired Time
Comment EM=180.1150 EM=HC HC 
ESI Pos Small Molecule No 
HPLC.m modified
Instrument Name Instrument 1
Sample Type Sample Position P1-A1
Data File BAEGEG05A.d Sample Name D1
4x10
0
1
2
3
4
Counts vs. Mass-to-Charge (m/z)
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
Cpd 1: C11H16O2: +ESI Scan (0.163-0.387 min, 28 scans) Frag=70.0V BAEGEG05A.d  Subtract 
198.1485(M+NH4)+
4x10
0
1
2
3
4
Counts vs. Mass-to-Charge (m/z)
140 150 160 170 180 190 200 210 220 230 240
Cpd 1: C11H16O2: +ESI Scan (0.163-0.387 min, 28 scans) Frag=70.0V BAEGEG05A.d  Subtract 
198.1485(M+NH4)+
181.1219(M+H)+
163.1115(M+H)+[-H2O]
HO
HO
Qualitative Compound Report
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z
1
1
1 (M+K)+
--- End Of Report ---
m/ z Calc m/ z Diff(ppm) Abund Formula Ion
(M+NH4)+
(M+NH4)+
(M+Na)+
(M+Na)+
C11 H20 N O2
C11 H16 K O2129
C11 H20 N O2
150
562
13325
1505
150
6240
C11 H16 Na O2
C11 H16 Na O2
-4.23
1106
260
219.0782
-0.07
203.1043
204.1077
199.1521
-2.45
-2.47
-1.85200.1545
198.4123
199.1521
199.2806
200.1541
219.0773
203.1038
204.1072
198.2779
198.3247
